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The Discovery of Oxygen; 

• » 

BY 

Si^ Prafulla Chandra {Iay, C.I.E., D^c., Ph.D., 

President, Indian Chemical Society . • 

• * • 

In ordinary text-books it is customary .to dispose of 

jbhe rival* claims of Lavoisier and Priestley cavalierly^'and 
in a summary fashion. The former is often held up to* 
pubfic opprobrium as a plagiarist, as one who had heawl pf 
tha discovery of oxygen from the lips of Priestley himself 
"but forgot to .acknowledge his obligations and thus 
•Indirectly and by implication, at any rate, claimed it as 
hishvvn. 4 As thi^ vexed question h^s been ptizzlingf the* 
brains., of many an. historian of chemistry for the last 
century ahd a half^ it is mugh to be desired* that^ a final 
•an dT definitive solution? if possible, should be afrived at* 
We, as Indians — -jis a third party — can afford to judg<! the 
question impartially, for, we do not hold a bfidf either 
for the ’English «or fer the French and thus can adjudicate 
between the rival, claims. 

* # # • 

1 Presidential address delivered at the Second*Annual General meeting of th*e 

Jndian Gnomical Society held at Bombay on the 2nd January, 1926. # 

Many of the charges which have been brought against Imvoisier’s good fai|h 
unf8rt#nately turn out upon investigation to bo welj-founded, so that wliiftb we# 
iwat greatly admire the clear m sight of the •philosopher, we cannot feel the same 
degree of respoct for the moral character* of the man * — Roscoe and Schorl emmer. 

Liebig goes a step further ai^d scaisiely even mentions the name of Lavoisier and 
cites only Black, CjJvendish and ^Priestley among the creators of chetniSfcry, who 
flourished towards the'end of tli^ei^hteenth century. Volhard still further improves 
upon JLiebig's verdict* • According to bin? Lavoisier has only appropriated to himself 
?he discoveries of others and ha% never noticed a new property of a single* body. 
Volhard was evidently .smarting under the# sting of the welbknoWti pjssape of 
Wurtz : “ La phimie *osb une science frasi^aise.” ii&reover, he ^rrote the above in 
2870, ^lien thfi Fran#o-Pr assign war had broker# on f. It* is t®u| evident that 
even in a dbiontific controversy ^he bias of patriotism comes into^pjpy and prevents 
the formation of ^correct estimate of a man’s *jreatnegs # and worth. Kopp also ‘does 
him but J>are juftioe (Qc*\ Ota*-, Vol. 1, p. 806). 
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Priestley was a born theologian, a controversialist ynd 
a linguist to boot. He pursued chemistry simply as a 
recreation during his leisure hours and as .a mere hobby. 
He had thus t6 approach the subject without* any previous 
systematic training., As he himself t,candidly admits : 
“ Had I been , anything of a practical chymist, I could 
not have entertained any such suspicion aljiout mercuriufe 
calcinatus on which I had made my £xjJer\ments.” On 
another occasion in describing the air from nitre he says : 
“This series of facts, relating to air extracted, seem very 
extraordinary, and important, and in able hands may lead 
to considerable discoveries.” Moreover, he had to struggle 
with poverty, and much of his time 'was taken up in 
earning his livelihood as a pastor or tutor. Lavoisier, oh 
the other hand, was born in an opulent family and his' 
father spared no pdins to give his, son the benefit of a 
liberal education. He studied mathematics and astro- 
nomy, mineralogy aud geology as also botany at’ the feet 
of eminent professors and was, initiated into chemistry 
by Rouelle, whose fame as an cxpopefit of the science 
had attracted pupils from far and near. Besides 
Lavoisier, Rouelle could boast of such illustrious pupils 
as Bucquet, Bayen, Macquer and Darcet — each and all of 
whom made their mark as eminent chemists towards the 
close of the eighteenth century. 

There was thus a decided initial advantage on the side 
cf Lavoisier, whose intellectual equipment enabled him 
to see things in their true perspective. Priestley often - 
improvised his experiments in a '"crude manner and per- 
formed' them clumsily and had sometimes to dallin the aid 
of practised hands like Warltire’s to be quite sure of the 
results and to consult professional chemists or apothecaries 
like Cadet* as regards the purity of the red precipitate 
he used. He waj, .thus, often led to draw wrong 
conclusions. We shall select some typical instances to 
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Discovert op oxygeu 

# ' 

.illustrate the difference in the mental outlook of each of, 
Jhese great precursors offour science. , 

Lavoisier started his careeras a chemist when he was 
barely twenty- sevegi, afad his first ‘classic^ experiment 
(1772) imparted a rude«shock to the then current notions 
about’the constitution of matter. From the time of the 
old Greek and Hindu philosophers it was held that m&tter 
vfas composed of the four (according t£ the Hindu, five 
including “ byom ” or ether) elements and that these # were 

convertible into ode another. Chemists had often noticed 

• • 

that iV'hen distilled water was evaporated off even in a 

clean glass vessel there was invariably a sqjid residue* lelffc. 

® * 

This result was vaguely interpreted as the transmutation 
of water into earth. Lavoisier caused water to he boiled 
irw a specially deyised gjass vessel for three morphs, d?\y and 
night. . He weiglied the glaes vessel very carefully both 
before amd after the experiment as also the evaporated 
(distilled) water add t^ie.residue, and proved conclusively 
that the, weight* of the latter Vas exactly equ%l to 
the diminution ly wei«fhf of the glass vessel-»-i)\ other 
words* that ttm wa^er invariably dissolves a'portion of the 
glass as*is now known to every Chtmist. It, sbbuld be 
noticed that. Lavoisier used the balance *as m his guide in 
this qs in all his subsequent experiments . He next took 
up the Question of combustibility of diapiond. *Darcet, 
Kouelle, Macquer, Boyle, as also thy physicists undef tliew 
patronagg of the Grand JDulfe of .Tuscany had already 
demonstrated that this precious intone when • strongly 
heated on a porcelain dish slowly disappeared. 1 LsPvoisier 

> There was, lymevor, consicjprablo difference of opinion ns regards tl?e canse of 
this phenomenon, the geneyvlly accepted viq|v beini? that the dia moi^liko phospho- 
rus volatilised away (vide Hist. IJindg Chcm., Vo?. 1, tnd Eds p. 101). # lt # was in 
1775, ye., affcof the (\iscov#r£ # of oxygen, that Lavqpsiei? proved tha* “ fixed air is a 
compound # ofr carbon with the ejastic fluid contained in the calx (of mercury).” fie 
then established* the identity of diamond witjj a variety of carbon as the* former 
also, v^Jhen burnt in oxygeyi, yielded the fixed air (carbon dioxide). 
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t in collaboration with Macquer and t , Cadet proved that 
diamond when prevented from cbming into contact with 
air remained intact and legitimately copcluded that if 
was a case of ordinary combustion lil^ that of charcoal. 
But the ground was not yet ready for the full and satis- 
factory explanation, as oxygen had yet to be discovered. 
This and the succeeding two years were equally eventful. 
He burnt phosphorus in a closed vessel and found that 
one-fifth of 'the volume of air disappeared and the 
.xe£id‘ual air was unfit for respiration > and knowing the 
specific gravity of the air he could conclude that this 
diminution was, proportional to the increase in weight of 
the body burnt. He also proved that sulphur too whe.i 
burnt, far from losing, gained in weight. 

<* Lavoisiej sums aip his experiences $f 1772 in these 
memorable words: “Not only sulphur and phosphorus 
but all bodies, which gain in weight during combustion 
and calcination, are to be brought under the same 
category; I am, indeed, inclined to »belie\re that the 
augraentatipn in weight of metallic calxes is due to the 
same cause.” 1 Lavoisier now took up in right ^arnest 

. 0 

1 Je eras devoir, d't-il, prendre quelques precautions pour m’aasurer la 

propri^fce do ma decouverte. Il H y avait & cettc epoquemne correspbn dance habituelle 

entre les savants de France ot ceux d’Angleturre • il regnait, entre les deux nations, 

une sorte de rivalite qui donuaii do l’importance aux experiences nouwolles, et qui 

portrait quelquefois le ecrivains do I'une et I’autre nation a les contester a 

fear veritable auteur. Je crus dr>nc cle voir deposer le 1* r novembre 1772, i*£orit 

suivant, cacheto, entre les main? du secretaire de rAcmd&nie. II dtaifc con9u en ces 
• $ 
termes : “It y^a environ huit jours que j’ai decouvert que le soufre, en brdlant, loin 

de perdre de son poids, en acquerait au contraire ; c ost-a-dire qro d'une livre de 

soufre on pouvaifc retired bcaacoup plus d'une livre* d’acide sulfurique, abstraction 

faite de l'humidite de fair ; ii en est de mem^dn pKosphore ; cette t ugrnentation de 

poids vient i’ane quantite prodigieuse d’air qui soafixe pendant la combustion et qui 

se combine avec les vapeurs. ‘ 1 * u 

“ O&tter ddcouverte, que^’ai constateo par des oxperience^que je legardo comme 
ieoisives, m’a fait^ense? quo ce^ qui s’obaervait dansi le soufre'et phosphor© 
ponvaifc bien avoir lieu a l’egard de tous los corps qui acqui&renb du poids, et par la 
combustion et la calcination, et je me suis persuade' que Taugmentation de poids 
cleg chaux mltalliques tentaiv * la mdrne cause ” — Grimaux' Lavoisier . 
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• * . * 

• t be problem of tfye increase in weight of lead and tip 

during calcination. Nearly a qpnturv and a* hal# before 
his time his # jown countryman, Jean Kay, in 1630, had 
come to the conclusion that this “fncrease^in weight was 
due to the fixation of air, which tad become thickened 
and heavy by the vehemenfte and long continued heat of 
the fire.” 1 \tobert Boyle, however, was of epinioh — an 
opinion based upon the old notion of the material nature 
of fire— -that the increase in weight wasdfth to the absorp- 
tion of the fire particles, which penetrated throifgh the 
pores of the glass vessel in which *the metal was heated. 
We might profitably recall here the # observations of 
llooke in this connection. • 

Hooke distinctly states that “in the dissolution of 
sulphureous ^combustible) bodies,# by a ^ubstai^ce in- 
herent in, and fhixed with, the aft*, which is like, if not 
tfieftery samt, witfi that fixed in saltpetre, a certain part 
of the bodies is united ;^nd "mixed, or dissolved ^Ond twn^d 
into, the an*, a**! made to fly ifp and down with it, in 
the same mannbr, as if metalline or other bgdy dissolved 
into any menstruum , doth follow the motions and progress 
of the ^menstruum till it be precipitated.” 2 


• m • • • 

1 It is of interest to noto thty. Macqner and bis collabotaior Tillet in i*63 also 
noticed the increase in weight on calcination. Thus while discussing the increase 
in the weight of lead on its conversion into litharge, Tillet observes : It is % true 
chemical paradox which experience places ifeyond all doubt ; but if it is easy® to 
state^hc fact, if is not equally easy assign a satisfactory ^roasod* It is contrary 
to all physical ideas.*’ — Hoefcr, Ilist . Chim , II, pjK 886-387, # 

a Hoofee farther r^atef : 44 That whereas Saif -peter is a menstruum, when 

melted and redftot, that abounds more with those Dissolvent particles, and therefore 
as a small quantity of it wilPdissolv^ a great sulphureous body, so will the dissolu- 
tion be very quicfc*am£ violent. • * 9 

Therefore iff tbo Eleventh 9 place, it is •observable, that, as in othe? solutions,* 
if a copious and quick supply of fresh menstntun^ though but weak, he jioured on, 
or applied*^ the dissoluble body, "Tfc qtiitikty consume^ it : $o tli^s menstruum of the 
Air f if by Bellows, *or any •other such contrivance, it be copiously apply *d tes the # 
shining ^ody, is found to dissolve it as soon, and as violeWtlJ" as the morq strong 
menstruum of fholted Nitre* 1 — Alembic Cluff Heprirft#, Hooke , p. 46. 
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' , It should be borne in mind in connexion with this, 
that the Cabbalist, and ». Rosier u<5ian Fludd, some fifty 
years before Hooke, held that “ the substance of saltpetre 
is nothing else, but aif congealed by coljl, and he relates 
that he filled an egg with it, mixed with sulphur and 
quicklime, and closing the ‘aperture with wax placed 
the egg under water, where it exploded” / Mayow, who 
was a contemporary of Boyle, had almost hit upon fchtr 
true explanation*; only he failed to isolate the particular 
constituent of the air which took part in combustion. 
He, in 1668, at the early* age of twenty-three, improved 
upoh tlooke and extended his theory to respiration, and 
affirmed that there is something in the air absolutely 
necessary to life, which is conveyed into the blood. 
Muyow’s views, however, received only scant recognition, 
for the fame of his gfeat contemporaries, Newton and 
Boyle, “ overshadowed the labours of the less welUkn'owu. 
investigators.” The editors of the Medico-physicv.l 
Works of John Mayow'” (Alembic Club-Reprints) thus 
remark : “ Mayow’s works were not 1 much noticed in his 
own time, and speedily fell into almost total oblivion. 

After the great revolution in chemical theory which 
followed the discovery of oxygen, Mayow’s book was 
discovered in old libraries, where it had remained dis- 
regarded for a hundred years ; and those who discovered. 
it*.were astonished to see that the new chemistry, which 
was rapidly .conquering the scientific world, was to be 
found in this old book.” 

“ Curiously enough, while Boyle seems to Ihave read 
Mayow’s work, he does not appear to -have been favour- 
ably impressed by his conclusions. 11 Boyle', at the age of 
fifty-two*. liad, doubtless, formed his own opinions and 
was unwilling that they shoald be disturbed by the 
speculations, .\yell-founded though they were, cf so 
young a man” — (Raimay). - 
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• The opinion of Boyle, hqiweveV, prevailed at the time, 
*nay, it was givefl currency to by the Erenph chem ist 

* Lemery whose«celebruted treatise, Course* of Chemistry, 
was the reeognised standard vvork, all »along. •Lavoisier 
overthrew this enftmeous notion by»a simplfe experiment. 
He introduced a piece of tin in a closed vessel and 

* weighed it ca^fully ; it was then placed over a fire and 

strongly heated. On re- weighing the vessel it .was 

proved that* there was only a superficial .coating due to 

the formation of # the calx but no loss or gain in ljfeight. 

He afso collected the residual air and found that it had 
. • • 
diminished in bulk and was rendered unfit for respimtion. 

Lavoisier tjius conclusively proved that* the increase in 

weight of the .metal was duo to the fixation of a portion 

of the atmospheric air. 

•* Matters stbgd th*us up till the* year 17? t. La*voisier 
was .satisfied*, that •the gain of the metal in weight was 
due to*a portion ,of the tyr being fixed but ag yet he 
ha*d no clear conception hs to thejiature of its* particular 
constituent, which «tooJ^ part in the formation of lhe*calx ; 
he lacked his bfains for its isolation huf unfortunately 
the method he adapted proved treacherous. . 

• from time . immemorial charcoal, had fieen used *in 
all jnetallilrgical operations fo£ tlie extinction of the 
metal from. the ores, * We all know that it ds only a 
reduction of the oxide of the metaf lfp carbon. . The 
supporters pf the phlogistic tfyeor/ held that ae charcoal 
revived *the metal, it simply restored the phlogiston to 
the calx* Jn fadt Charcoal and all carbonaceous, matter 
in general and later«on inflammable air ^hydrogen) were 
supposed t*o*«be* very riot in this imaginary* principle. 
Lavoisier heated a # weighed? quantity of the calx o? lead 
(minium) and charcoal in. a measured Volume of air. 

•J • • • • 

He.obtained the deduced metal and at the shme time* a 
volume of a gas whidh, later oq, was^ identified as carbonic 
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acid gas ; it is this gas which* Lavoisier at this stage in 
his career mistook for oxygen, i.e. K the elastic fluid which 
is fixed ih the* metal during calcination. • It is easy to 
account for the error into which thi? great' master-mind 
was led. The Reaction; of course, is as follows : 

‘ Ph 8 6 4 + 2C *= SPb + 2C0 2 

Every tyro in chemistry now knows that carbon dioxide, 
contains its own volume of oxygen but Lavoisier, likb his 
con temporaries, had to grope in the dark. The solution 
of the vexed problem, was now at hand. Fortunately, 
therp exists a metal which, when heated in contact with 
air, is converted Into its calx, and the latter again, when 
more strongly heated, is reduced to the farmer metallic 
state. This peculiar property is shared by the red precipi- 
tate or* mercfirius preQipitatus per Se. Eck de Sulzbac’h 
had already noticed this remarkable phenomenon in 1480 
but he failed to draw any conclusion therefrom. *Bayen, 
a fellow-stu'dent of Lavoisier, heated U wei"hed # <juantity of 

• mercuf y calx in a retort of known papacity communicating 
with a receiver of known volume inverted over water. 

1 The*volume of gas evolyed could thus be? measured. 'This 
he did and l!e r also weighed the metallic mercury formed: 
He. was startled with* the result ; here was a calx which, 
heated by itsell without the addition of charcoal * to 
provide the phlogiston necessary for reduction, not only 
yfelded the t metal but also a^gas. Unfortunately, he .did 
not examine the nature of thh gas liberated nor did he 

41 « 

even distinguish it from the fixed air obtained on reducing 

the calx with charcoal, though he noted that the volume 

of the gas evolved was in both casps approximately the 

‘same. 1 * Bayen was thus ofj the eve 'of a great discovery, 
• • * 

' 2HgO =* 2Hg +tO t ; 2£IgO«+ Q = 2Hg + CO, , 

• * I 

* The re would be as many molecules of oxygen liberated as those o£ carbon dioxide 
hence tbo volumes woufd be the same* 
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namely, of oxygen, but he misled it’by a hair’s breadth. 

’ Tfiis experiment whs conducted in April, 1774.. On the. 
1st of August of.the same year Priestley also repeated 
the same experiment, which we shall* allow .him to 

► describe in his own.^vords : “ With this apparatus, after a 

variety # of other experiments, on the 1st of August, 1774, 

I endeavoured tq extract air from mercyrius calcinatus 

per se, and I jyeifently found that, by means of this lens, 

air was ^expelled from it very readily. Having got about 

three or four times as much as the bulk of my materials, 

• • " m 
I admitted water to it, and found that Jt was not .imbibed 

by it! But what surprised me more than 1 can . tjell 

express was, # that “a candle burned in this air with a 

remarkably vigorous flame. I was utterly at a loss ho# 

4fo account for it! but, however, being at Paris in 

the* October following.... I frequently mentioned # my * 

surpj-isp^at the kind of air which I had got from this 

preparation to Mr. Lavoisier, Mr. Le Rov, .and several 

•othe? philosophers who honoured me with their noticfe * 

in that city, and w*flo„I dare say, cannot fail to recollect 

the cii^umslance. »At the same time I had no • suspicion 

that the air which l had got from the mercurius calcina - 

* i. * • 

tus was eten wholesome, so far was 1 from knowing what • 

> it was that I had neatly found. IntMs ignorance . of the . 

real nature of Jt his kind of air , I continued f Pom this time 

[November ) to the 1st of March following .•*• * * * 

Till the 1st of March, 1775, I had? so* little suspicion of 
m • *■ • • • 

its being wholesome, that i had not even 'thought of 

applying Ip it the* test of nitrous air; but it occurred to 

me at last to ‘Shake the experiment and puHiitg ono measure 

of nitrous ait Jo tjvo measures of this air , I fmmd not 

only that it Was dimimshed * but that it was diminished * 

I 9 § • • 

quite as much ps * common air , and that the, redness *of 
the mi&tur# was likewise equal to thab of a similar, mixture m 
of nitrous' and? common air. After this I had no doyibt 
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but that the air from mere, calcinatus' was fit* for 
respiration, and that it had alt the other genuine 
properties Of common ‘ air . But I did not take notice 
of what I might have observed if I hdd'not been so 
fully possessed by-'the notion of there being no air 
better than ccormiion air, that the redness was really 
deeper, and diminution some thing greater, than common 
air would have admitted. 1 now concluded c that all the 
constituent part# of the air were equally ' and in their 
proper proportion imbibed in the preparation" of this 
substance, and aUo nn the process of making red lead 
Tt will' thus be seen that in this respect Priestley held 
exactly the sa'me views as Rey in 1630. 

The next step, as Harcourt points out, in Priestley’s 
inquiry was the employment of Mayow’s mice, vehich 
convinced him that this air was longer respirable than 
common air ; but his ideas of it were less accurate *han 
Mayor’s, for ipstead of considering it, vrith' him, a 
constituent part of nitric acid, he "thought it a compound 
of “nitric acid and earth ; and. in December, 1777, “ no 
doubt remained on his mind that 'atmospheric* air, 
or the thing that breathe, consists* of the ’nitrous 
'‘[nitric] acid and earth, with so much phlogiston as 
is necessary to it's elasticity, and likewise so , much 
more as is necessary to bring' it from oils state of 
perfect purify* to the mean condition in which we 
find it {Phil. Maf, 1&46). 

We have already seen that Lavoisier was cn the look - 
out fpr the particular constituent which was responsible 
for the formation of the calx, hut Was as yet unsuccessful 

c 1 

in sppatating it from the air and «,thus proving its 
individual distinctive property. e It was ’at this very 
psychological moment that ; Priestley, who happened to 
.be accidentally at Paris as a companion of Lord Shelburne 

in bis continental tour, in the course of his conversations 

# . 1 
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witlj Lavoisiegr Incidentally narrated 'his own expediences 

• vfith regard to heating the red calx of mercury. The 
idea at once flashed acrosl Lavoisier’s mind t^at* probably 
the long look$d«£or gas was at last in sight. • He repeated 
the experiment and»it ldd to most momentous and epooh- 
making results — the read explanation # of the process of 
combustion. Lavoisier, in f£ct, not only isolated oxygen 
(vital air) but recognised it as a distinct constituent* of 
atmospheric gur and systematically explained the parf it 
plays in. combustion and respiration, and* *thus at^one 

*bound ’left Priestley far behind, as will be evfftent* 

# • • 

from the latter’s recorded opinion in 1776 quot- 
ed^ above. 1 Henceforward, as Hai tog . tersely puls 
“ Lavoisier acted as a sieve to separate the 
.•inaccurate work &nd conclusions of Priestley from the 
accurate.” (Art. pn Priestley, Diet. AW. Biog.\. 

l*haye devotetf some considerable space to the discus- 
siefn of tbe question, “ Who discovered oxygen ?” because 
, the*answer cannot *be gi\jen m one wofd. It ^11 hinges 
upon what is* re{fHy # meant by thfe term discovery. # An 
eminent Ehglish *ghemi8t ^writing eighty year,g 3 go thus 
sums jip his view^ : “ Whoever may be called the 

discoverer of oxygen, whether Hcfbke and IVJajrtfw, who 
first inferred, its pxis^tence in nitre and*in *air — or Boyle, 


#l That Priestley did not, like Lavoisier, keep record^ ofchis experiments aa is 
doflfe by ordinary laboratory students and when •writing his papers had to dra# upot^ 
njemory*— often a deceptive agent — is borne oitf by his own words : “ I cannot, at this 
distance of tidle, recollect what it was t,l?at I had in view in making this experiment 
(of extracting # *air 9 from uferct^ius ralcinatus) ” — Qn DephlogisticatedPAir (Alembic 
Club Reprints, Nd*7. p. 16;. As«a proof of Lavoisier’s unstinted admiration for the 
English chemists’ discoveries of^iifferent kinds of 41 air ° may be cited the following. 
# 6 peaking specially Pripstley he says: “ Ce travail, dit. Lavoisier*eu parlant des 

premiers travaux d# Pi iestley, pe^t^tre repardicomme le plus p&iible et ^e plrts 

int^ressant qui ait paru»dep«is M. Hales suw la fixation et le degagwftent de Pair. 
Auoum des oi^vrngef modernes ne m’a *>^ra plus propre a fnif sentir combien la 
physique et la f chimio* oifrentumcore^de nouvellos* roiftos if parciufir Grimaux, 
Lavoisier . 0 • • 
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who first disengaged the elastic gas from minium, or Hales, 
who collected it from the same material, or Nieuwentyt, 
who attributed its elasticity to the expansion of the fire 
particles lodged, in the minium, supposing* fire to be a 
particular fluid which maintains it* own essence and 
figure, remaining < always fire, though not always 
burning, — or Pr.iestley who observed tb.at it supported 
combustion — or Lavoisier who distinguished it as a gas 
8ui generis , and determined its principal combinations, — if 
the.. question be, which of these names dese;ves the 
highest place in the.history of this discovery, a philosopher 
I apprehend might be apt to hesitate — especially perhaps 
between those which stand first in the list, and that 
Which stands last ” — (Harcourt). 

But it was a long time before Lavoisier’s views, highly 
lucid and illuminating though they weie, met with uni- 
versal acceptance. It fact, he had to worj: alono, .single- 
handed and up-hill for twelve tedious years even after the 
discovery of oxygen (1774-1786) before his victory was 
complete. It is remarkable that the <c geometers,” not 
being under the tyranny of preconceived notions, were the 
first to accept Lavoisier’s views, whereas the chemists 
oven whilePadmitting the force of his incontestable proofs 
long hesitatod to declare their adhesion - to the. new 
doctrine. , Berthollet was the first to rally round his 
tanner in 1785 and he was soon followed by Fourcroy 
and Guyton de Morveau in 1786. 

Amdng the English adversaries there was an eminent 
chemist, whose authority was held, in respect,, namely, 

V 

1 It is generally held that it was the non-Frenc?. chemists who alone opposed 
Lavoisier. Bit this is far from being the case. In a French treatise on chemistry 
written by Demeste in 1779 the ^/ery (| name c£ Lavoisier occurs scarcely once. 
Althongh^hemistry soon came to be designated as the “ French science,” during the 
life-time of Lavoisier, at any rate, np till 'the year 1792, it was nqt so. In fact, 
Lavoisier himself protested against this designation.' The new chemistry he 
naturally claimed a# his own — “ e’est la mienne,” as* he said. 
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Eairwan, who attacked Lavoisier’s doctrines in his Essay 
on Phlogiston . Madajne Lavoisier translated the work 
into French, and Guyton de Mofrveau ,* Lavoisier,* Laplace, 
Monge, Berthollet and Fourcroy sybjeeted this* work to a 
severe criticism Chapter by chapter. Kir\fan resisted for 
a tiipe but he was at’leng^h so much convinced of the 
truth of the new doctrine against which he had com.bated 
so long that in 1^92 he wrote to Berthollet : “ I lay down 
my ftrms, I abandon the phlogistic doctr.ipe. ” 

While Uhe scientific world was slowly comingfround 
to Lavoisier’s views, Priestley # eouM never shake himself 
free from the trammels of his jyeconceived nations -and 1 
always explained the phenomenon of combustion according 
to his phlogistic theory. Thus a candle when it burnt in 
air simply disengaged its phlogiston to the air, which 
'( i e., nitrogen 'plus the carbon dioxide), accordingly, w r as 
ifanwitl “ phtogistieated air,” whereas the same candle or 
a piece of charcc^il burnt longer and more* vividly in the 
“ new species of tfir ’* (extracted from red calx) — being 
capable # of taking njoje phlogiston from them *t w r as ‘ 
caMed “ dephldgisticated air.” One .of * h*is * earliest 
experiments Was ‘suggested by tjie memoir of Cavendish ' 
bn “ Inflammable Air.” Cavendish .was led to supphse 
tha»t inflam mable.dir was phlogiston in the* free state. .In 
order # to test this supposition Priestley placed some 
"minium in a crucible within a tall cylinder filled with 

inflammable air and Inverted .over* water. He^hen began 

• • • • 

to heat*the minium by means of a burning # lens. “As 

soon as the mmiflm was dry, by means of the heat 
• • • 
thrown upon it 1* observed that it became black, and 

then ran in**the form of perfect lead ; at the same tipie 

that the "air diminished* at? a great rate, .. the * water’ 
• * * • • 
ascendjng within^ the receiver.”* He # concludes “ that 

phlogiston iVthd s&met thing as fnflammabfe" air, and is. 

contained, in a combining sta$e in ^metalS,’ just as ‘fixed* 
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air is contained in chalkr and , other calcareous substances 
both being equally capable of being expelled again in the 
form of- air.’o He could not, of course, detect the 
formation of water in the process, as he wag carrying on 
his experiment in a jar* over water and thus he missed the 
glory of being the diecoverer of the composition of water. 
Priestley also believed that inflammable aijp came from 
iron or zinc when these metals were treated with dilute 
sulphuric acid, and, found an additional experimental 
support for the view that metals contain phlogiston. To 
quote Thorpe: “ The discovery of oxygen was the death- 
blow to phlogiston. Here wa* the thing which had been 
groped for for years, and which many ha’d even stumbled 
over in the searching, but had never grasped. Priestley 
indeed grasped it, but he failed to see the magnitude and 
true importance of What lie had -found-? It was far. 
otherwise with Lavoisier. He at once recognised ip 
Priestley’s new»air the one fact needed to complete the 
overthrow of Stahl’s doctrine; and? riow, every stronghold 
of phlogistonism was in turn made to c yield. Priestley, 
however, hcfver surrendered, even when nearly evpry 
phlbgistian but he had given up the fight or gone*over 
to the enencfy? When age compelled him to leav'e his 
laboratory he continued to serve the old, cause in his study, 
and almost his' last publication was the Doctrine of 
Phlogiston Established.” 

‘ The third of the illustrious triumvirate, whose name 
is indissolubly * associated with • the discovery of oxygen, 
is Carl Wilhelm Scheele. As an experimenter and 
discoverer he is simply unrivalled. It has been justly 
said that ho made more discoveries in the course of a 
dozen years or so than all b-is contemporary chemists 
taken "together. The claims of Spheele to "the indepen- 
dent discover^ of oxygen ; have never been dispute!!, and 
it has now r been placed beyond doubt that Scneele 
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had obtained the gas as earty as Priestley’s first isolation 
of it, although* his printed account of the discovery* 
appeared about two years after Priestley’s. • Scheele 
obtained Ifis !** fire-air ” by several methods. *He heated 
precipitate of nffercury per se. «He als<J obtained the 
gas .by heating calxes oi; silver and gold, as also by 
treating pyrolusite with oil of vitriol and also by heating 
nitre. Hia me^liod of collecting the gas was also pecu- 
liar.* He ifSed empty bladders for tbit purpose. Let us’ 
give dne or* two excerpts from his experiments. “J. filled 
a bpttle, which contained 10 ounces of water, w r ith this 
gas. I then placed a small lighted candle in it«? •soarpely 1 
*had this .been done when the candle be£an to burn with 
a large flame, •whereby it gave out such a bright fight 
that it was sufficient to dazzle the eyes. I mixed one 
’part of this a?r»with* three parts qf that kfnd of* air in 
fire \tould not burn ; 1 had here an air which was 
fike ttie ordinary air in *>very respect. £>ince. this air is 
necessarily, required To* the origination of fire* and makes 
up aboqt the third pry h of our common air, I shdll call* 
it*after this, Tor the sake of shortness, “hre-rfir”; but 
the *other air vfhicb is not ip .the least serviceable for ' 
‘the fiery phenomena and makes pp .about two-thirds 
of our air* I sliaJP designate after this tvifch. the name 
already known,' of Yifiated air.” Scheele used. as absorb- 
ents of the fire air ( i ) oil of turperttine, (ii) freshly 
precipitated ferrous* hydroxide, \iii) moist iron filings, 
(iv) lfver of sulphur, and (p) > *phosphorus i With the 
aid oP tljpse he* separated the “other kind of air.in which 
fire would not bi^rn.” Scheele had flius no difficulty 
in proving* that “ ou % must be composed of * elastic fluids 
of two kinds” Jt will be*sgen that Scheele’%. vie#s were* 
almost the same as those we*hofd to-Tlay. l3ut as he 
\VRs.a # followed <5f Stahl, his explanation of the bunting 
of the candle was £he same .as Priestley’s* namelv. thd 
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transference of phlogist6n to <jtbe air , and be was thus led 
‘ into absurd blunders. The absorption <3f fire-air by liver 
of sulpimr he explained oh the assumption that heat is a 
compound .of fire-air with Stahl’s phlogiston iand “that by 
the action of apdouble affinity the fire-aiL in his experi- 
ment had combined with the phlogiston of the liver of 
sulphur, and that, the compound had passed through the 
pores of the* glass by which it had before *bebn .confined.” 

In the history scientific discoveries 4t is eften 
found that chance plays a great part but it should not 
be taken in the gambler’s sense. As the great Pasteur 
once said*: “ In the field of observation chance only 
favours the mind which is prepared;” in other words 
the tnind must he predisposed towards the reception of 
new truths, hence the property of the new gas which 
under ^Priestley’s observation led 'to nothing, in the 
hands of Lavoisier gave rise to one of the most important 
investigations in the annals of Chemistry ” — (Hafcourt). 
Priestley’s r frame of mind was juot -the reverse arid 
antithesis of that of Lavoisier as ho 'often based bis 
conclusions on random haphazard experiments To 
quote his own words “ That more is owing to what 
we >call chance, that is philosophically speaking, lo the 
observation of events arising from unknown causes, than 
to any proper design or pre-conceived theory in this busi- 
ness.” Eck de Sulzbach is probably the first chemist 
wno in 1489 demonstrated experimentally that the 
metals increase in weight wheu calcined ; what we now 
call metallic oxides are named by him fixfed ashes of the 
metal, which is exactly the term used in the Hindu chemi- 
cal treatises (tngWR). The merctfrius calcinates per se was 
'prepared by him and called fixed mercury; he distinctly 
says that when the latter is subjected to* distillation it 
disengages a. spirit (invisible gas). He* thus,- like" Bayen 
•narrowly missed" being the discoverer off oxygen. 
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J[t has been well said Jt-hat *no single discovery or 
invention has been* made all at once by a single map. 
unless it be that of logarithms ; in fact,* these is .nothing 
new under -taja sun. Every discovery Ji£s its. origin jn 
the earlier observation of some previous philosopher, but 
the appellation of the discoverer should j^est be applied 
to the man whq makes a discovery and elucidates natural 
phenomena jn*itS light. It now remains for *us to con- 
clude *vith the considered opinions of gome more English 
chemists who have bestowed much thought and gtudy 
upon fhe subject. *Says Hodwell: “Who is the discoverer? 
Is *it the man who obtains a n£w body for the first^time 
without recognising that it is different .from anything 
^ else, or is it the man who demonstrates its true natare 

•and properties...* ? If the latter, assuredly 

Lavoisier discovered- oxygen. .. Priestley’s .observations 
re^cf t like the waitings <5f the seventeenth century, 

Uavoister’s like those of the nineteenth Not 

without reason, said M» Wurtz, “ La Chimie est une scienoe 
fran9aise. tHle**fiiJ: institute par Lavoisier d’imnujrtelle 
merpoire.* 1 The petty jealousies which disfigured the 
history of science during the end of the 'last and com- 
mencement of the present century (19th) euglit to fipd 

no place in «our minds. The republi* of Science is large 
® # • • . • 
enough for every man»to receive his due. v Mr. Pattison 

Muir reviewing this question observes*- “To* co-ordi- 

na!te the facts of science, to describe, these facts accurately, 

*to express them in a langua*ge which should make it 

easy to. put together facts that \fere similar ahd to keep 

apart thosd which yvere unlike, and at* the same time 

to overthrow # the * phlogistic theory; thesew were the 

tasks waiting to be •a*ccorupli#hed at the beginnyig *of . 

the last quarter’ of the eighteenth /century!* it is not 
* • • 

• # • # • • • 

• Chemistry is a French science. It was founded by La^isier of immgrtal # 

memory, • • • • 


3 
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of teti tMt the powetf of destroying and the power of 
reconstructing are united in sq extraordinary a degree 
as they were united in Lavoisier, the 5 greatest of ail 
Chemists.” - f • ° 

tt will thus be '•seen that although some English 
chemists cannot forgive Lavoisier for what is according 
to them the appropriation of the credit which rightly 
belongs to Priestley, there are others, on the- contrary, in 
whom the innate ■sense of justice and fairplay so Charac- 
teristic of the great nation finds full expression. 1 * 

It will be instructive here to draw a parallel from the 
history- of the discovery of the composition of water. 
Cavendish’s experiments of 1781 were communicated ,to 
Priestley, who had them reproduced with the help of 
Warltire. But as Priestley was obsessed with the notion 
Ihat 'charcoal was very rich in phlogiston, he prepared 
the latter by heating moist charcoal in a gun-bat^cl.*' It 
will thus be seen that Priestley’s so-called phlogiston was 
a tnixture of carbonic oxide and’ hydrogen — in fact, it was 
what is now known as water-gas. This is the initial 
blunder Which Priestley and his friend James J W att 
committed ; both these philosophers laboured under the 
misconception that inflammable air was the same from 
whatever source it' might be obtained. ‘ “ Priestley’s 
inflammable gas, which he used, * cannot have contained 

I ’ 

l 

18 1 Thomson in his History ft/ Chemistry takes ^avoisier severely to task for his 

omission of any mention of Pisdestley’s name in connection with the discovery of 
oxygen , in fchr paper communicated to the Academy in 1775. He says: “I confess 
that this seems to me capable of no other explanation than a wish to claim for him- 
self the discovery of cfcygen gas, though he knew well that that discovery had been 
previously ma^e by another.' 1 But Thomson, seems to contradict himself and almost 
to give away his case whoa he says in another p.aoe : “ It is not the man who forms 
the firflt vague notion of a thing that realty adds to the stock of our knowledge, but 
ha wbj demonstrates its tr*th a*>d accurately determines its nature." Again, “ It is 
obvious, however Vi that Lavoisier ^as on the way to make thepe discoveries, and had 
^either SoheelS nor Priestley been fortunate enough to hit upon oxyge*' gag, it is 
exceedingly likety that he would himself have been able to make that discovery." 
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mow than one-fifteenth of its # weigbt of hydrogen and if 
it had proved anything it would have proved that water . 
Qonsists chiefly of carbon” — (Bar court)., Mqrdover, 
Priestley and. Watt also accepted the pre v v£fUing doctrinp 
of the convertibility of &ir into water and vipe versa, and 
it was on this basis that* they explained the^ formation of 
water by explosion. 

“ Cavendish begins his memoir entitled Experiments 
oil Ai)\ with an account of a repetition .of an experiment 
of Warlfire’s Related by Priestley, in which* a mixture of 
"inflammable air £nd ordinary air was exploded In a* 
"copper vessel, with the result thafr he observed a loss of a 
few grains in weight ; it is also stsfted by ,Warltire that 
-l^the explosion took place in a glass vessel it became 
•dewy, which confirmed an opinion, he had long 
entertained, that common air deposits its gioistuice by 
phlogistjcation,” — (Ramsay )* 

• “Cavendish* was on the look-out for an explanation as 
to what had beeomh # of [he* air lost ” in* the cqnflbustion, 

of inflammable air vvith common £ir, and he undertook 
several preliminary trials, "by which he searched, £<yr the 
lost gages. He,trie$l (l ) whether they were changed into 
carbonic* acid; (2) whether they 'were “cha&ped” intp 
nitric acid;. (3), whether they were*“ 'changed ” into 
sulphuric acid ; he 'negatived by conclusive experiments 
’ these thtee suppositions of condensation ; qt this drisis of 
hlsdnquiry Warltire bqrnt inflammable gas and conrtnon. 
sflr in a vessel which he imagined to.be close, aritt finding 
a very sensible loss of weight, concluded, with Scheele 
that ponderable matter had passed through the Vessel's 
pore in the form of hfiat ; a£ the same time hq repeated 
an observation, made also by^otfiprs, that in the corqbus 1 
don water was deposited frtun <j,be pair, in *&hich he 
sup posed" »it tq have beep * "contained, : to the mind of 
Cavendish, deeply meditating what might the form of 
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matter into which the tost airs could have been condensed, 
•tjiis inaccurate experiment immediately suggested the 
light *for which he was watching ” — (Haacourt). 

, 'J here is thus a strong family likeneej between the 
mind of Lavoisier perplexed over tkp solution of the 
difficulty regarding , the particular feonstituent of air res- 
ponsible for combustion and that of Cavqjidish anxiously 
intent up6n the problem of the disappearance of two 
volumes of inflammable air and one volume of dephlo- 
gisticated air which practically vanished on explosion. 
Hence, if,Priestley v^ere to be credited with the discovery 
of oxygen, Warltire had still stronger claims to be regard- 
ed as the discoverer of the composition of water. 

And as regards Watt, Ramsay thus interprets his con- 
ception on the matter: “This letter 1 of Watt’s J to Black] 
showvi clearly the difference of the two points of view of 

the new and the old school. While Lavoisier and his fol- 

■ ,1 

lowers advanced the view which is now universally accept- 
ed, namely, that hydrogen and oxygen, Avhen exploded 
together, combine to form water and , nothing else, Watt 

*v * 

was inclined to believe that the water was present, in a 
concealed state in all yases, hydrogen and , y oxygen among 
others; and that it was* thrown out by the act of combi- 
nation, and was not the product of tbs combination.’’ 2 It 
should be noted here that Watt tenaciously clings to this 
view even in 1788, although Lavoisier by his crucial 


1 “ I have nothing else new .j in the philosophical way, except repetitions by L>r. 
P. of his experiments on the deflagration of D rf [dephlogisticated] and inf 1 " [inflam- 
mable] airs, in [which nitrous acid is always produced. As the t defir grations were 
performed in copper \essels, the acid is saturated with copper and is green, but 
becomes blue on the addition of a small quantity of common spirit of nitre. It 
appears, however, that more than 9/10ths of the Hquor thus produced is water, which 
probably in its own form constitutes the greater part of the mass of all sorts of air. 
I thin 1 ; it- highly probable £hat ^he acid proceeds from the inflammable air, and that 
the D d [dephlogisticated] aij acts the safne part thi\t it does in th3 burning of 
ajdphur and phosphorus.” 

* Ramsay,— Thj Life and Letters of Joseph Black , p. 90. 



^DISCOVERY OF OXYGEN 


21 


0 • 

experiment • in 1783 had awtisf ate tori ly established the 
composition of wafer. 

• Here, again* it is necessary t<3 reveft for# a moment to 
another muehfdebated controversy, namely, the priority.of 
the discovery ofythe composition pf water. Cavendish, 
of course,* proved in *1781 # by his olassioal experiments 
*that two volugies of inflammable air find one volume of 
dephlogisticate # d *air, when exploded by elecfric sparks, 
disappeared* almost entirely. This • is now practically 
conceded by all parties. As Ramsay says: “ Th<^e ex- 
periments were due to Cavendish ; $11 that Lavoisier diti 
was to show the true nature of the phenomena,”^ But 
Jjere the question naturally arises — vvho*is the greater of 
the two — the .discoverer of facts or the man who inter- 
prets and systematises them ? The very experiments of 
Cavendish whfep repeated by Ca^voisier in* conjiTnetiSn 
with. Laplace, enabled the ‘great French chemist to deal 
a final * blow to the plilogystians. The prevailing belief 
was that the metak vreite composed of calx and* phlogibtOn 

and thfift on their dissolution in acids the latter was set 

• • • 

freo and it was* even confounded with inflammable air. 
But * Lavoisier new came forward with the true explana- 
tion. *The metal decomposed the watey uifi fling with«its 
oxygen to * form a* calx liberating hydrogenj the calx 
in • turn, dissolved in the acid forming a salt. Nay, 
^Lavoisier fortified himself in his positicai by performing 
. tfiqreversg experiment in collaboration with Meuniefc. 
He passed steam over fed-hot if on with* the ’result that 
hydrogen jvas cbpkmsly liberate'd with the inrmation of 
the magnetic iron oxide, ethiops martial T Ramsay pathe- 
tically exclaims: “ It # is ‘curious to follow the reasoning 
which mjfde such *an exceptionally acute thinker as* 
Cavendish . deliberately Reject the • true, explanation.” 

00 9 0 # 

Ramsay in order »to establish oi* rdther vindicate Caven- 
dish’s claims naively says : “ All that Lavoisier did # \yas to* 



show the true nature of the r phenomenon.” ..Yes, herein* 
' lies the greatness of the French chemist. Mellor also 
evidently, inclines to the same view {vide J. W. Mellor, 
A 'Comprehensibe , Treatise on Inorganic and l Theoretical 
Chemistry > Vo»l. I, p. J43). ' * 

The controversy,* which raged l with some* degree of 
bitterness during the life-time of Newton aiid even after 
his death oVer the question of the priority of the invention 
of fluxions or infinitesimals, may also be mentioned here. 
Leibnitz, backed by eminent continental mathematicians, 
Claimed it.as his own. On the other Hand, Newton, or 
rather His friends maintained with equal pertinacity that 
the German philosopher, while on a visit to England in 
had his hint from Collins to whom Newton hacT 
communicated the principles of the method. 

' While diccussiug°the controversial subject of tba 
discovery of oxygen I* have been at ,the pains to (pot*) 
the opinions of some eminent English chemists, who, 
though they have not grudged «t<* vote the major arid 
minor- premises, yet, with the exception" of one < or two, 
have shrunk* from drawing the logical conclusion! 

*lt is not necessary to belittle the ove in order to 
magnify thb ‘other. , Each was great in hi^ own way and 
has extended the boundaries of our sci&nce. 



Synthesis of Condensed Heterocyclic Systems. 

• • 

• • 

Interaction between 2 : 5-Dithiol- 1 : 3 >4-thiodiazole and 

• • 

Some Organic Dihalides. 

BY 

Prafulla Chandra Ray 

AND 

Bikes Chandra Guha. 

It has beerf ghown by R&y, Gijha and Das («/.* Chem. 
Sew*, 1919, 1/5, 1308) that ‘some mercaptans of the hetero- 
cyclic Series or rather theig potassium gaits* are singularly 
reactive towards balog^Yiated organic bodies. * They have 
studied # the actym of the potassium salts of 2-thiol-5-thio- 
4-pfaenyl-4 : 5-dJhydro-l : 8:4-tbiodiazole and* tf-dithiol- 
1 : 3 ^4-thiodiazol® on chloroform,, bromoform, # iodoform, 
benzalchloride, monochloracetic acid^, ethylene bromide, 
etc*, and hfcve found that condensation is readily effected 
in almost all these cases. The dithiol, however, .could not 
be made to condense with chloroform,* bromoforpi and 
iotloform. # They observed that ‘monochloragetic acicl, 
benzal ohloride and ethylene bromicle act upon 2: 5-dithiol- 
1 : 3 : 4-jthipdiazole *but they were unable to isq)ate the 
reaction products in* a state of purity as* they were found 
to be insoluble.in ordinary solvents. * 

In view* of^thp comparative scarcity of fiused hetero- 
cyclic systems of the type which # wonld* be expected to 
be' produced’ by* the condensation of 2: 5-dithiol-l :3t4- • 
thiodiazolp with some reactive djfcalides like ethylene 
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dibromide, benzal chloride and thiophosgene, and 
also in view of the fact that the dithiol has a curious 
tendency to a fortn “chain compounds of sulphur • 
(l#c. tit. ), it seemed desirable to make another careful 
study of these condensations and a systematic attempt 
to isolate the resulting products. 

The condensation of the dipotassium sate of the di thiol 
with ethylene bromide was more fully studied than those 
with benzalchloride and thiophosgene. It was found 
that 'three distinct types of compounds wefie formed in 
this reaction. 

(i) One molecule c* the dimercaptan condensed with 
on,e molecule of ethylene bromide thus giving rise to ,? 
new mercaptan, BrCH 2 CH 2 .S.C 2 N. 2 S.SH, though with 
a poor yield. The presence of a free thiol group was 
proved by the usual - tests. ..Obviously this is the first 
step in the reaction and the second and third types of 
products (mde infra ) are formed from this intermediate 
compound. 

(ii\ One molecule of the drihiol condensed with one 
molecule of ethylene bromide giving a fused heterocyclic 
compound, thus; 


N-N 


II 

— C 

- V 

s 


II 

c 


S — CH„ — CU 2 — S 


(I) 


This compound is produced in the largest yield though 
it will be noticed that one of the component rings consists 
of seven members of which three are sulphur atoms. 
Evidently the presence of sulphur contributes to the 
stability of the ring system. 
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(iii) Several molecules of dimerca'ptaif and 

ethylene bromid*e simultaneously took part in the reaction 
apparently giving rise to a' complex, bromjnated compound,’ 
having no mejcaptanic property, which oould not be 
purified. *’ ‘ 

The condensation between molecular proportions of 
the dipbtassium salt of the dithiol ancf thiophosgene pro- 
duced (1) a crystalline fused heterocyclid compound (II), 

X— X 

I 

* (II) 

• • 


(2) a new dimercaptan of the formula CS.(S.C 2 N 2 S.. 
SH) 2# and (3) a* yellow amorphous compound wliose 
identity * could “uot be established. 

The reaction between the* dipotassium salt ancLbenzal 
chloride also gave.rih'e tft a fused heterocyclic compound 
of the formula, • 

m * 

N — N 

ii II 

, c V 

L v 

’ .1 S . (III).' 

s c s 

. H A Ph • • 

and a dirabreaptan of the formula, QHPh.[8.C s Ns£.SH 2 ]. 

The dipoipssium salt of the dithiol failed to react* with 
ethylidene chloride evhrj when heated in a sealed tube at 
d45.° As mentibned above^ KAy, Guha and Das noticed tha» . 

condensation did not- take between 2 :*>d)thuol- 

* * * • • * 
1:3: 4-tjyod iazole ,on the *one hand. *ai\d * chloroform, 

brombfqprp and 'iodoform on the otTier, while, ’curiously* 

4 


ll ll 

c c 

V 

8 • 

s c 1 

II 

s 
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enough, the monqmercaptan 2-thiol-5-thio-4-phenyl- 
4 : 5-dihydro-l : 3 : 4-thiodiazole readily "condensed with 
thet>e. It was .suggested therein that probably “the 
presence of two SK groups in the dimerqaptide exercises 
inhibitory influence on the halogen $toms.” In order to 
test this theory it was attempted to condense both the 
free ethylene mercaptan and its disodium salt with 
chloroform by refluxing for 10 hours or the water-bath 
and by heating in a bomb-furnace at 140° fpr seven 
hours but td ho purpose. On the other hand it is well- 
kn&wn that sodium ethyl mercaptidu readily condenses 
with chloroform (Gabriel, Ber., 1877, 10, 185; Holrcberg, 
ibid, 1907, 40, 1740) giving orthotritkioformic ethyl ester 
OH(SEt) s . Thus the observation that the alkali salfe uf 
both the dimercaptans, dithioethylene glycol and 
2 : 5-dithiol-l : 3 4-thiodiazole, are inert tov r ards 
chloroform, whereds the - alkali monomercaptides of 

1 <i 

ethyl mercaptan and 2-thiol-5-thio-4-phenyl-4 : 5-dihydro- 
1 : 3 : 4-thiodiazble readily' condense with the same 
confirms the original suggestion. Tho above statement, 
however, .does not appear to cdncain the whole truth. It 
js to be noticed that both the alkali dimercaptides 
mentioned above, though inert towards chloroform 
ethylidene chloride, etc., readily condense with ethylene 
bromide (V. Meyer, Ber., 1886, 19, 3263). This shows that 
halogen atoms attached to the same carbon are probably 
less reactive than those that are attached to difforent 
carbon atoms. The presence of negative groups will of 
course render the halogen atoms labile even when they 
are attached to the same carbon atom. Thu explains the 
condensation of 2: 5-dithiol-l. 3; 4-thiodiazole with 
chloropicrin (R&y, Guh?\, and Da?, J. Chem. Soc., 1919, 
115, J369), and with benzal chloride ( tide supra) and of 
ethylene mercaptan ,with benzal chloride (Rfty, J. Chem , 
Soc., 1924, 125, 1142). 
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* Experimental. 

. • • • • 

Condensation of the Dipotassium Salt of £ : 5-Dithiol - 

• • • ' p « • 

1:3: 4-thiodiazble with • Ethylene Bromide. —Numerous 

• products are /ormed* in tips condensation of which only two 
h$ve been isolated in a pure state a&er a* great many 
trials. Five gm$. the dipotassium salt were .refluxed 
directly with £ considerable excess of ethylene bromide 
for about 20 hours. After cooling, the Mnixture was 
filtered . and washed with a little ethylene bronAde. 
The filtrate (a) was reserved for fiutui’e treatment. The 
residue ( h ) was washed well with alcofiol and *thefl 
rubbed in a mortar several times with water and then 
filtered. After complete removal of potassium chloride 
lit w^s washed with a little alcohol and then ygry geptly , 
boiled, with ethylefle bromide ^uid filtered hot. The filtrate 
deposited m a bluish * white mass which was filtered 
whil£ still warm wnd washeTl repeatedly with v alcohol. , 
It was recrystallisgfi from boiling ethylene bromide. # It 
is insoluble»in all 'ordinary* solvents but solubje. in hot 
tetracblorethane. It is insoluble in dil. caustic soda. 

• It shrink§ above* 115^ and melts to a 'viscous gyqen melt 

at 132-133°. % (Fbund : 8=54*70; N.=fl5*96 ; C 4 H 4 N 2 S 8 ’ 

requires S*=54*5o;' N= 15*90 pel* cent. • Absence of* 

•• * 

bromine was jfroved.) Its insolubility in ordinary sftlvents 

• makgs it probable that it is a polymeric form of the* 
simple* mol ec ale but as it decomposespn continued. boiling 
with ethylene bromjde its molecular weight determination 
is not possibly The filtrate (a) was evaporated oh the 
water-bath aqd air wa*s .bloyn over it to volatilise away 
the ethylene jBrolnide present. # It was then washed • 

•several times with cold alcohol. • The brcwvn visccMs liquid 
which remained was .then taken up three or # four times 
with liofc alcohol. The alcoholic solution was .evaporated* 
to # dryness and again extracted with, hot alcohol, *tfie 
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first and the last fractions being rejected. In this manner 
after repeated extraction a yellow oil wa* obtained which 
^ave a, yelltfw, precipitate with alcoholic, lead acetate. 
This lead ealt of ‘the mercaptan was filtered, washed 
several times with, alcohol and dried. (Found : Pb=28*6l ; 
N=7'47. C s H 8 N 4 S (J Br 8 l > b requires Pb = 28 70; ft=7'T8 
per cent!). 

'• ’ , • 
Condensation of the Dipotassium Salt with Thiophos- 

> gene. — Seven gms. of the solid were *re fluxed in •benzenG 

solution with 4-4* c.o: of thiophosgene for 15 hours', 

the condenser being surmounted *by a guard tube 

containing quick-lime. The reaction product was filtered 

and washed with a little benzene. The filtrate on th« 

t 

' addition of a few drops of alcohol and .keeping for spine 
time gradually deposited .a yellow 'precipitate which 
was filtered off and rejected. The filtrate on standing 
again' for somb 3-4 hours {lepositbd beautiful yellow 
needles which were filtered off. Thee filtrate ..again, on 
the addition of a little alcohol ftnli standing, gave a second 
and a third' crop of crystals which were successively 
.filtered ,off. The iiRrate was evaporated to dryness ‘ 
from which by repeated extraction, with cold alcohol a 
‘ new mbreaptan was obtained ip a tolerably pure state. 

It wa^ then cpnyerted into the lead salt and • analysed. 
'(Bound: Ph=38-01>> N = 10;81. C 5 N 4 S 7 Pb requires 
Pb=37i s 82;. N=10.*23 ' per cent.) The three crops* of 
crystals*mentioned above were 4 or 5 1 times recrystallised 
from" hot absolute alcohol as colourless needles, m. p. 
110-11 2° r It crystallised with H* molecule of alcohol. 

Op keeping for some days in a 'splphuric add desiccator 
it lost it# crystalline shape and turned into a mobile oil.' 
(Found: , 8=49 *..07,; 0=28*50 ;• H=3 *35/ 0 8 N 8 84 , 

* 1-$0 2 H,0H . requires 8 = 49 04,:’ 0=27 *6;. *H = 3*4 
per cent.). 
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Condensation of the jApotassium Salt with Bernal 
Chloride . — Twelve gras, of ben zal chloride and 17 gms.* of 
the salt were refluxed in alcoholic solutyfii for *18 hours. 
Some sulphuretted hydrogen was evolved. The prodhct, 
after removing benzal chloride by *team distillation, was 
rubbed in a mortar several times* with hot water to 
remove potasjiujp chloride. The golden yellow solid thus 
• obtained d^as powdered, taken up several times. with 
hot and cold alcohol and then successively with ether, 
benzene and acetone, in which it dissolved almost com- 
jjetely. The acetone extract jyas evaporated* to dryness, 
washed with benzene and theji with a little *aee tone. * 
The residue left behind melted at 1 §5-196°. It is a 
colourless coiripound, dissolves completely in cold caustic 
goda from which it is reprecipitatec^ by hydrochloric acid. 
Obviously it is* a mercaptan. ( f’ound : 1^=14 *55; S=» 
*0 • 15 # C n tl 8 N 4 $f,, requires N = 14 • 50 ; S = 49 • 74 per 
sent.) The benzene eartract was evaporated, washed 
with cokUalcqhol and again .taken up wilh benzene, 
rhe benzene product* (dm. p. indefinite 85-110°) Has the* 
composition of the condensed heterocyclic compound (III). 

( Foupd : N*— 1'2 07 ; S = 41 • 88. •C 9 H 6 N 2 S 3 requires *N » * 
11 8: S=4©*38 per cent.) The alcoholic extract 

• # t 1 • 

cdhtains a mercaptan not identified. * • • 

Attempted Condensation with BthyUdene ; Chloride. 

» The dipotassium salt an4 an excess of ethylidepe 
cHloride fvere refluxed in alcoholip solutiQn foy 10. hours, 
in benzene solution in a sealed tube on the water-bath, in 
bomb-fumace without diluent at 140-^50° for *6 hours, 
but to no purpose.* 

University poLtKOB of Sfii^'CE, 

Calcutta, ‘ m * Received November 4, 1925 ♦ 
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Synthesis in the Pyrazolone Series. Action 
of Thiosemicarbazide and Semicarbazide 
on Ketonic Esters. 

Part I. 

BY 

Satish Ohandka De. 

i ft , * 

The behaviour of hydrazine hydrate towards /3-ketonic'* 
esters was first investigated by Curtius and Jay ( J. pr. 
Chem., 39, 153) who obtained pyrazolone derivatives ot 
the following type. - 

R.CO NH 2 N = C.R 

CH 0 v = ! I +C 2 H„OH + H,0 

| “ 1IN CM 2 ' ** 

COOC 2 H 5 NH„ V 

• ' CO 

.. (I) 

Iiothenbtfrg then published a series of papers in which 
he studied the action of hydrazine liydrai-e on various 
/3-ketonie esters and /3-diketones (J. pr. Chem 52 % 23, 
45; 51, 43, 140, 157 ; etc.). The action of phenylhydra- 

jt, 

zirie and its substitution products on the ketonic esters 
has long been investigated by a host of investigators who 

r t 

obtained in this way a large number of pyrazolone 
derivatives. 

a . 

The present work, a preliminary account of which 
will be reported here, was undertaken with a view to 
examine the. type of compounds .produced by the action 
of tfyiosemiearbazide and semicarbazide on the various 
/J-ketonic esters ; and, as might be expected, owing to the 
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close resemblance in structure between hydrazine, 
phenylhydralfine* thiosemicarbazide and semicarbazide,* 
the final condensation products, of thiosengicarbpiflde and 
semicarbajide. with acetoacetic ester are *quite # analogous 
to those derived/ronf hydrazine and phenylhydrazine. 

The oarbazides combine readily jvith acetoacetic ester 
to fjive the corresponding semi- and thiosemi-carbazones 
which part wntl* alcohol on treatment with strong aqueous 
• or ajcoholif ammonia in the cold with the formation of 
pyra^olone^ derivatives. 


N (\ <'H„ 

) 

j • 

NH a .CS(©). Nil EtO.(X) 


\(;n. 


N = C. CH, 

* * >, 

NH,.CS(0). N-CO . 

(II) 


It now requires to be proved whether the acetoacetic 
§ster .molecule reacts in its ketonic or enolic form. From 

•the results of his investigation of aeetoacetic ester 

• • • 

phenylhydrazone .Netf •{Anrmlen, 266, 70) came to* the 
conclusion thatfche resulting compound was not a hydrazone • 
bqta hjfdrazo-cempounS since by oxidation he \vas able to 
isolate an a^o-ccjm pound from it. The present author • 
has, ^however, ascribed the hvdrazone formulae to »his 

semi- and* thfosemi-carbazones as* thev .could not be 

• • * • • 

oxidised to azo-compounds. Consequently the acetoacetic 
-ester * has reacted like a ketone towards semi- §,nd 
thiosemi-carbazides. • * • * 

9 0 • ® 

It y* a remarkable fact that although* the* behaviour 

of both the seimcarhazones towards cold ammonia is the 

• * 

same it differs greatly towards heat; "for when heated 
either alonp or in “presence of water or *alcohol the 
acetoacetic* ester semicarbazene gives meth^lpyrazolone 1 
with the elimination of alcohol* aftimonia and carbon 
dioxidd* whilst .tllyB corresponding *thiosertfiearbazone a of 
acetcfacetic ’ester gives, by such treatment^ a, derivative of 


• • 
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methyl pyrazolone * by r the elimination of alcohol only. 
The 3-methylpyrazolone-l-oarbamide (JI) fis stable only 
in the cold as it splits off the carbamido group with 
great ease with the formation of 3-methylpyrazolone. 
The 3>methy}pyrazol6ne-l-thiocarbamige is on the 
contrary a relatively^ stable substance which parts with 
the thiocarbamido group only c on prolonged heating. 

Both the semicarbazones of acetoacetic ester can 
react in dilute sodium carbonate solution with another 

4 

molecule of acetoacetic ester. In this reaction a molecule 
of water, and a molecule of alcohol are eliminated and 
the product has formula “(III). 


CH 


CH.. C = N 


H C N. CS(O). N = C-CH 8 . COOC s H b 
V 

co 


(Hi) 


The same product is formed by the action of 
acetoacetic ester on 3-methylpyrazolone-l (thio)carbamide. 
The py-azolones so obtained give all the reactions as 
enumerated by Rothenburg. With ferric chloride the 
pyrazolones give interesting colour reactions which will 
be described in the proper place. 


Experimental. 

Condensation of Thiosemicarb azide with Acetoacetic Ester. 

* * 

(a). Acetoacetic Ester Thiosemicarbazone.- When an 
aqueous solution of thioseiricarbazide hydrochloride 
(one raol.) was shaken up with ‘acetoacetic ester (one 
mol.) the thiosemicarbazone separated cut after some 
time (Freund and Sctander, Ber., 1902, 35, 2605) ; but the 
reaction takes place much more rapidly with the complete 
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separation *ofj the thiosemiicarbaeone on allowing tb< 
‘mixture to react* in presence of sodium acetate. TJn 
.white precipitate so obtained was* filtered from th< 
mother-liquorj. washed with water an d.cfy stalled frorr 
benzene. (Found: *N«» 20*90. *C 7 H, s O*N.,3 requires 

N«= 20*69 per cent.). ’With ferric cljoridg this substance 
'gives* no colour reaction. It reduce^ am moniacal silvei 
nitrate solujiort With the evolution of a gas. 

* (&). 3- Methylpyrasolone-1 -f hionarh&mide . — The thiose* 

micarhazona of acetoacetic ester was covered with strong 
ammdnia and thoroughly stirred % when the # carbazonfe 
gradually went into solution with the evolution .offbeat: 
and after some * time a small <fuantitv*of white needles 
• bf the ammonium salt of 3-methylpyrazolone-l-thioear- 
bamide separated out. This ammonium salt is very un- 
itjuble as it liberates ammonia e*en at the owlinary 
tqpfperature.. By # the cai%ful acfdition of acid to the 
ffmmonfacal filtrate, the free base could be easily obtained 
af a voluminous* . precipitate of white neydTe-shaped 
crystals* ft Was also obtained* as white needles by 
boijjng tfle aqueous solution of its ammonium gait for 
some, time frysjallised from water it 'melts at 1S0\ 
(Found: N =27*01. C,H 7 ON,S * requires X =26*75 per 
cent.). 

IThe same compound was obtained when the acetoace- 
tic estfer thiosemicarbazone was boiled, with Vater for 
%ome length of time. . Unlike tke corresponding 3 mfcthyk- 
pyrazolqne-l-carbamide (to be* desari bed later) Yt is very 
stable and undea ordinary conditions does not part with 
the thiocaZbamido group. But by prolonged boilihg with 
water or 1 letter by •Ifeatitig with concentrated aqueous 
or alcoholie* potash it* splits qfl the thiocarbamido groilp 
and is converted into 3-irftethyl.pyrazolone ’melting at 
214° — 2TLn>° (X j /ji-.'Ctiem* 39, 5^). . (Found,: N«= 28*78. 
C 4 H«0N a requires N*= 28*57 per cent.). 

* 5 
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It is easily soluble*- in alcohol and difficultly so- in 
-water and can be conveniently crystallised from water 
containing a few drops of alcohol. With . ferric chloride 
it. gives a deep’pprple colour. 

(c) . 3-Mcthylisopyrazolone- l -thiocSrbamide Hydro- 
chloride was obtained by treating 3-methyljryrazolone- 
1-thiocarbamide with cone hydrochloric acid and evapora- 
ting the 'solution to dryness on the "wUter-bath. The 
residue was washed with absolute alcohol and then* with 
ether. The hydrochloride so obtained is very hygroscopic 
&nd melts at 151° (not sharp). (Found : Cl = 18*77. 
CsHjONsS, HC1 requires 01=18*35 per cent.). 

(d) . 4:4-Dibromo-3-methylpyra2olone-l-thiovaibarnide.— 
This compound was obtained by the action of excess of 
bromine in acetic acid solution on 3-methylpyrazolone-l- 

. thioGarbamiae suspended in the same solvent. The 
pyrazolone gradually dissolved forming a red solution. 
From acetic acid, in which the dibromo-eompound is 
soluble, a yellowish brown crystalline mass was obtained 
after neutralisation with sodium carbonate. It is insoluble 

t 

in the ether ordinary organic solvents and was, therefore, 
purified by dissolving in acetic acid and precipitating 
with alkali.’ It melts at 250°. (Found: Br = 50*99. 
CrH»ON s SBr a requires Br = 50*79 per cent.). 

(e) . 4-Bromo-3-methy lpyrazolone-1-thiocarbamide . — 

The pyrazolone b ) was suspended in acetic acid and 

bromine (t#o atoms) dissolved in the same rolvent war 

gradually gdded. The pyrazolone first dissolved’ in the 

acid with the evolution of heat and shortly after the 

monobromo-derivative separated out in the form of a 
« ^ ' * 
yellow crystalline mass, which was filteied; washed and 

finally crystallised from acetic acid in, light yellow 

orystals melting at 220°'. (Found: Br = 34*18; I^;=18*16. 

C,H 6 ON,SBf requires ilr= 33*90 ; N=i7*80 per qent.). 

A 9 



flpTTHBSlS IN THE PYRAZOLONE SERIES 35 

f # f 

4-Ben^ne-azo-3-methylpyp<izolone- 1 - thiocarba mide 
■fras obtained by gradually adding the equivalent quan- 
tity of diazotised aniline to the pyrazolone ,{8) sus- 
pended in acetic acid and cooled in ipe.* Thg reaction 
began at once with the* evolution o£ heat a*id formation 
of a red solution. The mixture was thoroughly stirred 
during all the time the diazo-solution was added and then 
allowed to stanS fbr some time to bring the Reaction to 
completion. .The red crystalline solid .that separated *out 
was filtered off, washed with water and purified by^crys- 

tallisation from trater when it was obtained in orange 
• » • ^ 
crystals melting at 217° with decomposition. # ( Found : 

N = 27'07. C„H,,ON 5 S requires N = 26*82 per cent.). * 

(ff). 4-iso Nitroso-3-methylpyrazolone- t-thiocarbamide 

was obtained either by passing gaseous nitrous acid 

through the pysazolone (b) suspended in acetic acid*or by 

ac^ftig . sodiuqi nitrite sohftion. The raction began with 

the separation of a light yellow crystalline mass. This 

wsts filtered, washed .with water and* crystallised from 

water i» y£llo\t* needles melting at 180°. (Fqund: 

N«=^0*3£ C 3 HAN 4 S requires N =30*11 per cei>t.). 

The isonityoso. compound has a strong acid reaction. 

It is soluble in alkalis and from the alkalihe solji- 

tion it caiv be .precipitated by acids. It. gives Lieber- 

mann’s isonitroso reaction. The aqueous* solution gives 

with silver nitrate solution an insoluble silver salt of 

fellow colour. 

• • • • • 

( h ) . 3rMethylpyrazolone-l - thioccPrbonyl-fo- amiHocrotonic 

ester 1 was .obtained* when acetoacetic ester (two mols.) 
and thiosemicarbazide liydrochloride (One mol.) were 

shaken utf .witji excess *bf sodium carbonate solution. 

• • 

< 

• w • m 

1 For the sake of convenience-^© joetoacetic Ater has beeti supposed to react 

on tbp urea group of* the Jiyfyro&on© or of the pysazolone in ondlit form (compare 
Beh rend a A* /rate?),; 229, K). 
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Tiie liquid was filtered -fromta small quantity* of the un- 
dissolved hydrazone and the filtrate on "acidification with' 
dilute V»ydrbchloric«acid gave a white precipitate of 3- . 
methylpyj , azolohe,-l-thiocarbonyl-/3-amidocr®tonic ester. 
The same compound was obtained when*.tlie freshly pre- 
pared thiosemiqarba&one 0 f acetoacetic ester was shaken 
with excess of acetoacetic ester in presence of a sufficient 1 
quantity of dilute sodium carbonate soluttoif. Jhus treated 
the thiosemicarbazope gradually went into solution^ the 

t * 

clear polution was allowed to stand for some time and then 
acidified when a white precipitate was obtained. It was 
purified |?y crystallisation" from a mixture of alcohol and 
water when it was obtained in white needles melting at 
14& c . (Found: N = 15*82. C„H 15 0,N 3 S requires N = 15* * 

61 per cent.). 

It'is almost insoluble in cold water and alcohol b’ut 

dissolves readily in hot alcohol. With ferpie chloride-dt 

gives a l)eauti£ul deep indigo- 4 blue coloration. It is very 

stable towurds heat in presence of ordinary solvents Hut 

on prolonged boiling with water or alcohol it decomposes 

into aootdacetic ester and 3-methyl pyra,zolone-\-thiocar- 
« 

bamide. A solution of the substance «• gives with - silver 
nitrate anlifsolpble silver salt. 

« « 
Condensation of SemicaifbilZide with«Aceto-* 

acetic Ester. 

(a). iAcetoacetic Estet • Semicar bazone. — The meJthotl 
of preparation of this compound ^s the same as that 
for ttfe corresponding thiosemicarbazone o£ acetoacetic 
ester. A t mixture of acetoacetid ester (.one mol.), 
gemiparbazide hydrochlojride t in ‘aqueous* solution (one 
mol.) ajid* ‘sodium .acetate Svas shaken; After some time 
the semioaf bazone separated but in <the fprm cf a white 
abaorphous powder ; this was filtered, washed with water 

« t 
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and jbhen crystallised from qther.* ‘(Found : N=52‘62. 
»C 7 Si S O s N 3 requires N*=224<6 per cent.). 

The semicar btizone of acetoadetic ester* crystallises 
from ether in* tt&iutiful^ white needles melting at 129°? 
•It is easily soluble ii! hot water and alcohol. * It gives no 
colour reaction with ferric chloride, ft, reduces ammo- 
niacal silver nitr%te solution with the evolution of a gas; 
mercuric oxide is also reduced by the boiling aqueous 
solutioif of the hydrazone. When this s^miearbazone 
was heafed af 115° — 1 20° it evolved ammonia gas anjl at 
J;he sajne time turned brown. The* temperature was 

maintained at 120 - — 125" for several hours till no •ngore 

• • * 
ammonia gas, was evolved. The residue wa^ then extract- 
ed with hot watar ; boiled with charcoal and from th*e 
•filtrate a white crystalline substance was obtained melting 
at *21 4 — 10", whibji is identical with ‘i-methyfpyrazdlone* 
of Cur^ius (Ity. cif\). The same compound was also 
obtained when the semicarba^one was boded "with yater. 


(b). Meth ■tflpjfrazvtlitne- 1 -carbamide . — For # the pre- 

paration of this compound the above semicarbazone 

was shaken with ammonia solution and allowed to 

• * • 

stand for some tiVne after which thq ltqufd was filtered 
from liny undissolved semicarbazotie. Froiji* the filtrate 
• tlyi pyrazolohe was precipitated by acid as a white 
crystalline mass. This was dissolved for purification ift. 
the least qimntity of methyl alcohol. and precipitated by 
ether, it melts ;it 19z°. (Found.: N» 3012. AH T 0 2 N s 

requires N*=£29-79 per. cent.). 

• 

It is moderately soluble in cold water and alcohol 
and insoluble in ether.* Witfi ferric chloride it givEs a 
blue coloration. * Hy gejptle warming bf its aqueous or 
alcoholic* ’solution, ft easily parts* with * the* •carbamide 
group 4ntl fotfms 3-methylpyrazolone. 
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(c). 3-Methyl\%opyruzol<me Hydrochloride. — 3-Methyl- 
« pyrazolone-l-carbamide combines 'very easily witn 
acids and bases to form unstable salts*. When treated 
with concentrated hydrochloric acid and .the solution 
evaporated to dryness, a residue was obtained which was 
extracted with absolute alcohol* From the alcoholic 

r 

solution a light yellow coloured oil separated out by the 

addition of ether. This * oil was separatod and allowed 

to ' stand in vacuum over sulphuric acid when it 
* 

solidified to a crystalline mass of 3-methyliaopyrazolone 
* hydrochloride . It is extremely hygroscopic. (Found: 
N=23*$7; 01=20*31. ‘ C 5 H 7 0 2 N 3 , HC1 requires N « 
23*66; C1 = 2(V0 per cent.). 

■ The ammonium salt of 3-methylpyrazolone-l-carba- 
mide could not be obtained in the solid state. By 
evaporation^ of its ammoniacal solution in vacuum over 
sulphuric acid the free base was obtained, The sal^ is 
stable in solution and its aqueous solution g„ve with 
silver nitrate a white precipitate of th/? silver salt, which 
is much more stable than 3-methylpyrazolonG-l-carba- 
mide itself, but when long boiled with water it liberated 
the car bamido group and passed into,, the, silver salt of 
S-methylpyvazolone. (Found: Ag=53*32 C 4 E 5 ON 2 Ag 
requires Ag=52*68 per cent.). 

(cf). 4:4- J)ibromo-3inethylpymzolone-l -carbamide was 
obtained by treating the pyrazolone ( b ) dissolved in 
methyl alcohol with a slight excess of bromine in acetic 
acid solution: The reaction began with the* evolution of 
heat. Ffom the acid solution the dibremo-compound was 
obtained by neutralisation with alkali. It*is insoluble 
in most organic solvents and \vas therefore purified 
by dissolving in acetic acid and precipitating with alkali. 
It merits* at 225^. ( Foubd : Br=53 *74. 0 s H 6 0 2 N 8 Br 8 

requires B?=ff3*5i per cent.). When the' 'dibromo- 
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derivative warn ^rng boiled with wetter, it was converted 
into another substdnoe melting at 184° and was found ' 
to be identical* with the dibrdmo-3-*metby]pyrazolone 
of Bothenburg* ( J. pr. Chem., 52, • 3^). ( Found*; 

Br=s02*74. C 4 H 4 0|fjBrg* requires Br *» 62 * 50 ^>er cent.). 

(^) 4- Benzene-azo -3 - methylpyraiolones 1 - carbamide 

was obtained in % the form of a reddish brown crystalline 
mass by adding the calculated quantity of diazotised aniline 
to the Vnethy> alcoholic solution of the* pyrazolone (b). 
This was filtered off, washed and crystallised ftrom 
alcohol* It melts at 235°. (Found*: N=28*86. C n H u 
0 8 N 5 * requires N *= 28 • 57 per cent.) A On long continued 
boiling it suffers decomposition and forms li-benzene-azo- 
3-methylpyrazolonp melting at 195-97°. 

.in- *■ isoNitroso- 3 -met hylpyr a zolone-l -carbamide* was* 
obtained by passing gaseous nitrous acid through the 
methyl • *qlcoho*Kc solution of the pyrazolone. The 
solution was first eoloured fed and a yellow crystalline, 
precipitate was fp/med which was filtered off, wasjhed 
first with vpiter and then with hot alcohol to free.it from 

t • 

any unchanged starting material. It melts at 210° and i« 
sufficiently pure* for 'analysis. ( Fotihd : N=33*.32. C # H* 
O a N 4 requires N* 32-^94 per cent.). . • 

It Is insoluble in organic solvenls but on* long* boiling 
wi$i water it ‘gradually dissolves. The aqueous solution^ 
on* pooling deposits crystals oS 4.- isonitroso-3-metfiyl- 
pyrazdione of Curtius and Rottfenburg and* is evidently 
formed by the elimination of the catbamido groTip from 
the above 4»i#onitroso* compound. The «onitroso-com- 
pound has a strong a did reaction and dissolves readily 
fh alkalis fron\ whose sqjiitior^it nan be precipitated .by ' 
■acids. An ammcmistcal solutioif of .thee substance * gives 
with silver nitrate a yellow precipitate K)f the •wonitroso- 
silver salt# * 
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( g). 3-Methylpyrazolone - 1 - carbonyl fi-amidocro tonic 
eater was obtained by a method * analogous to that 
described for the corresponding thiocarbonyl compound 
either from acetoacetic ester ( two mols.*) aud semicarba- 
zide hydrochloride ( one mol.) or froth acetoacetic ester 
semicarbazone and the ester, in presence of dilute sodium 
carbonate solution, the substance being precipitated from 
the carbonate solution by dilute hydrochloric acid. For 
purification <it Was dissolved in cold sodium carbonate 
solution and re- precipitated by acid in 'Whiter needles 
melting at. 175-6° with decomposition. ( Found : N *= 
16 • 91. C n H, 5 0 4 N 3 requires N = 16 -60 per cent.). 

It is insoluble in cold benzene, water and alcohol. It 
gives a deep blue coloration with ferric chloride. It is 
verv unstable towards heat. When boiled with water 
it gradually dissolves with the evolution of ammonia 
and liberation of an oil floating on the water which was 
identified as acetoacetic ester and from the clcaf solution 

, t 

crystals "of 3-methvlpyrazolone Wore obtained. A methyl 
aicbholic solution of the substance ’ gives with silver 
nitrate a silver salt in light yellow gelatinous form. 

Further work on this line is in progress and will form 
the subject? of a subsequent communication. 

I avail myself of this opportunity of expressing my 
gratitude to Dr. J. C. Ghosh and Dr. P. C. Guhr. for 

the kind interest they have taken in this investigation. " 

• * « .. - 
Ohmical Laboratory 
The University 

Dacca. RrceivM, October 13, 1923, 



ortho- AmmojpheftylhydraziAe and. Some 
Interesting Heterocyclic Compounds 
» derived from It. 

Part II. 

Synthesis of Azolti, Azines, Heptazines and Octazinesf 

BY 

PltAPHULLA ClI. GUHA AND MaHENDRA K. De. 

• 

o-Aminophenylhydrazine was prepared in this labora- 
tory l$st year by* Guha and Ray arpi its actions vfpon 
beq2aldehvde, potassium ethyl xanrhate, urea, mustard 
oils, # etc., were studied (this Journal , l.9j?5, 2, 83).* With 
the object of. synthesizing poly-n\jembered heterocyclic 
compouncfs 4 it has now condensed with o-diketones, 

monoXimes of o-difcetones, diamines, esters and chlorides 
of dicarboxylic’ acMs and thiosgmicarbazide, and iif 
every case the above expectation has bepn £ull£ 'realised. • 

o-Aminophenylhydrazine reacts with beftzil .to give. 
•2 ^3-benzo-o :t)-diphenyl-*l : 4 : 7-heptatriazinev thus: 

• • . 

Ph.CO NM..NH PliC=ft.NH 

| 4* >C 0 H 4 = I * >C* 6 H 4 ’+ 2H g O 

Ph.CO NHj , Ph.C^=N 

(I) 

• Four more* *liopta-triajin # e compounds havd •similarly 
been obtained from alloxans, # i£atin, acenaphthaquinone 
and pheyanthraquinone (cpmpare ’Thiele and Stknger, 
Annalen, 283, I; Nietzki, Ber., 1895, m 28, *1837*; Tauber. 
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Ber., 1892, 25, 828V; Niementowsky, Ber., 1901/ 34, 
3334 ; Cain, J. Chem. Soc., 1914 ,105, 1440; 1920, 117, 
1143 ; Hinsberg, Annalen, 292, 245 ; Bei\, 1896, 29, 200 ; 
Annalen , 237, 340 ; u Marchlewsky and Bilraczewsky, Bull . 
Acad. Sci., Cracow, ~ 1900, 374; Schmidt and Sol], Ber., 
1908, 41, 3693). Monoximps of isatin and phenanthra- 
qujnone give rise to interesting octa-tria/ine compounds, 

thus : 

£ 


-C6 N H 2 .N H 

i - + >C c H 4 

-C: NQH NH 2 

r 1 


-C = N.NH 
J'srN.NH 

(II) 


>c e H 4 +*H f o 


The above reactions- differ remarkably from that observed 
by Schmidt and Glatz {Ber. 1911, 44, 276) who observed 
the elimination of hydroxylamine and water and not 
two mClecules of water as in the present instance. 

Two molecules of ammonia escape from one. molecule 
of o-phenylenediamine and one molecule of the 
aminohydrazine with the formation of 2: 3: 6: 7-c^ibenzo- 

4 : 5*dinyd v o-l : 4 : 5-heptatriazine, thus: 

r> - 

, ** «» 

NH. NH 2 NH,. 

~C 6 H 4 < 4- >C 6 II 4 

NH, NH a 

NII.NH 

= C fl H 4 < >C-,H 4 + 2NH 3 
NH' 

(III) 

(Compare Pinner, Ber., 1887, 20, 2358; Fischer and Hepp, 
Ber., 1890, 23, 2791;' Arndt and Bielich, Ber., 1223, 56, 
809 ; Guha and De, this Journal, 1925, 1, 144). 
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B controversy may arise here, viz. f the imino instead of 
the amino group of the hydrazine residue might . rea<;t as • 
well to give rise to a JV-aminophenazine compound, ’thus : 

a • 

NH, 

N* 

c c h 4 < >c,h 4 

NH 

# But, as Wie compound does not react with benzaldelyde 
# or mustard oils, the JV-aminophenazjjie type of. formula 
has * been dispensed with. 1:3: 4-Tolvlene- dianjine 
and 1 : 2-n$phthylenediamine similarly *give a benzo- 
methylbenzo-hepjatriazine and a benzo-uaphthohepta- 
"triazine respectively. 

* Oxalyl chloride yields o-phenyjene semioxam azide, 
thiA : 

NH.NIJ., * C(3cf .Nil — NH. CO* 

C (l li 4 < • +* 1 = C«1I 4 < !■ +2HC1 

Nil* * COC1* NH CO 

• • 

(IV) ’ 

Diethyl magnate yields o-phenvlenc.-sftmifnalonamazide. 
(Mejrer, Annalen , 327 1 14, 26; 347 , 25, 34 , 415/ 33, 42).* 

* * . NH. tfH, EtO. CO NH.NH.CO 

C„H 4 < . + >cll 2 =* C rt H 4 <* • | 

NH, . EtO. CO . NH«CO.CH, 

(V) * 


One moleculfc o*f tl^iose in i dbrba%ide ; reacts with one 
molecule** of .the tyninohydrazint* with* the* .liberation 
of two ‘molecules of .ammonia forming a .compound of 
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composition C 7 H 8 N 4 8 which may be represented by' any 

of the following four formulae. 

< > 9 

~ NH. NH% NH, * NH. NH 

^ 9 H 4 < + >CS _> v C fl H 4 < >CS 

NH a NH a .NH ' NH. NH 

(Via) ' 

N(NHJ) 

or C fl H 4 < >CS 

NH. NH 

(O b) 


C 6 H 4 < 


NH. Nil, 
NH 2 


NH, 

+ >C:N.NH, 
HS 


NH — NH\ 

.. yc N-NH, 


(VI c) 


NH.NH S HS •' tfH— S 

C 6 H 4 < + >C:NKsC„H 4 < r >C:NH 

NH, NH,. NH NH. NH 

(VI d) 


The compounds of formulae (Vic) end (VId) should 
be strongly basic, but the product is acidic in nature, 
forms * alkali * salts which form lead and mercury 
mercaptides, and a disulphide. All these facts a/e in 
harmony with the formulae (Via) and (VTft). But 
formula (Vlft) has been rejected on the ground that the 
compound does not dissolve in hydrochloric acid and does 
not form any compound with benZaidehyde. 

o-Nitrophenylhydrazioe does not appear to possess any 
capacity to. form .any closed-ring compound with 
aldehydes, ketcfnes,- amines, esters, jstc., as the aminohy- 
drazine. It can, however, form open-chain compounds 
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* • 

with these rfta^ents and the Aitro group of the resulting 
product can be reduced to an amino group which 
once creates a possibility for ring- closure. • 

Acetaldehyjfe-o-nitrophenylhydrazon« yields p-methyl- 
benziminazole oq* reduction (compare Franzen, Ber., 
19O7,.40 f 909 ; Guha * and # Ray, this Journal, 1925, 1, 
*193). m 

o-Nitrobenz*aIciehyde- and salieylaldehyfle -o-nitro- 
phenylhydraeones, when reduced with tin and hydro- 
chloric* acid? do not yield /u,-aminophenyl- and p,-hyc^roxy- 
phenyl-benziminazoles as might be % expected py analogy 
wifh the foregoing reaction, buf 2:3:7: 8-dibeqzp-J. : 5 : 
6-octatriazyie and 2:3: 7 : S-dibenzo-1 : ft : 6-octaoxydia- 
zine are formed* thus : 




NO 3 
NH. 


•o 2 n *nh 2 U s N 

‘ > C t , H 4 '< >C 0 H 4 

N = CH NH. N = CH 



NH 


C.H.V' Xf.H, 

X\Ii. N = CH-^ 

.(VII)’ 


NO., .HO 

C 6 H 4 < • . i> C 6 II 4 

* NH. N = CH 


NH, * HO 

O 0 Hj< . >C„H 4 

• NH, N = OH 


C,ft 4 


— O- 


# 3>c c h 4 

•'NH. 


The reason # for aligning formula (VII) tp the nitro- 
benzaldehyde compopfid i^ tjjat it does not givp arfy 
reaction of the a*minq group. TJie formula *{VJ1I) has 
been retained. on similar grounds,, pi*., because it does not 
respond to any hydiyoxylic reactions, 
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Acenaphthaquinone, anthraquinone, a-napnthaquincne 
and phen anthraquinone give the corresponding mono- 
nitrophenylhj drazones and the first one has been utilised 
for synthesising a seven -membered ring-cbmpound, 2 : 3- 
benzo-5 : 6-acenaphtho-l : 4 : 7-heptatrfazine, thus : 


CO 

C = tf. 

NH 


0 H«< 1 . ~ 

^ c 10 H 6 < | 

>C <S H, - 


CO 

CO 

o,n 


c= 

N. NH 

C = 

N.NH 

C 1 T B 6 •< } 

>C c H 4 - 

-> (’ioH 6 < 1 

->c 6 h 4 

CO 

h,n 

C--_ 

. N 



(IX) 



Benzil differs from the above dike tones and forms 
only the dihydrazone which gets easily oxidised even on 
exposure to the air, forming diphenyl-dinitrodiphenyl- 
osotetrazine (?), thus:. 


Pb. C«N. NH. C 6 H 4 . NO, 
Ph. C=N. NH. C c H 4 . NO, 


O Ph. C=N. N. C rt Ii 4 . NO, 
> I I 

Ph. C-N. N..C (i H 4 . NO, 

(X) 


(compare Pickel, Annalen, 232 , 228). , 

o-Nitrophenylhydrazone of diacetyl monoxime loses 
one molecule, of water when heated ‘in a sealed tube at 
100° with alcoholic hydrochloric amd to give l-iV-nitro- 
phenyl-3 : 4-dimethyl- osotriazole, thus : 

pH s . C = NOII 
I 

CH 8 . C = N. NH,.C (i H 4 . NO, 


CH a . C=rNOH 


CH 8 . C=0 


CH 3 . C = N 

» ’ I >N. C 0 H t . NO, 


c:i ? . c=n 


, (XI) 


The resulting product i& insoluble in alkali, shovVing the 
absence of any oxime grouping in it; moreover, it gives all 
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the*reaction3 of an aromatic nitro £roup showing that the 
nitro group has not taken any part in thip reaction ' 
(compare Willgterodt, J. pr. Chem. y 71 , *404}.* • 

Oxalic efetdf readily forms oxalq-o-mtrophenylhydrft- 
zide (XII) which.* was expected t# furnistf an eleven- 
memljered ring compound oq reduction, thus : 


i O. NH. NR. C f ,H 4 . NO s 

I • • 

CO. NH. Nl^. C c ll 4 . NO, 

. (XII) 


CO. NH. NH. C e H 4 . NH, 
CO. NH. Nff. C a H 4 . NH, 


• CO. NH. NH. (; a p i 


>5*H 


CO. NH. NH. C 4 H 4 

but that could not be isolated owing to the fact that it 
suffered decomposition at the time (jf concentrating t-hp 
reduced solution* (vide Experimental). 

* o-Pbenylenediamine condenses with the nitrohydrazine 
w;th the elimination of one*nolecule of 'ammonia "to fqrip 
0 :o'-nitroamwio-l}ydrazobenzene, which in its turn loses 
another qiolecuk; of anangonia on reduction to fqrm 2:3: 
6 : 7-dibenzo-l : *5-dihydro-l :4: 5-heptatriazine, thus : ^ 


C 6 H 4 < 


NH.NH.,, H,N 


NO, 


H 3 N 


% .Nfl-NH 

>c 6 h 4 -^» o 0 fl 4 < , >C 6 H 4 

• > T O s NH 8 

* (XIM) 


NH — NH 

C«»4< .* >C 6 il 4 

NH, ’ NH? 

Experimental. 


an) 


2 : 3-JJeitsp.-o : 6-diphenpl-l : 4 : 7 -heptatriniine (I). 

One gm! of benzil * was allowed to react with 1 gfh. of 
0 -aminophenylhydrazine .hydrochloride ^ in 32 c.c. of 
glacial acetic *acid mi a sealed tuBe at 100° for 5-6 hours, 
when* a' crystalline solid substance was deposited. It* was 



48 


P. C. G-TJHA. AND M. K. DR 

thoroughly washed with witter under suotion pump*' iu 
"Order to make it free from the unreacted hydrochloride 
and was. crystallised from acetone or pyridine as white 
needles ..melting at i 114°. It becomes - ^yellowish on 
exposure to v air and dissolves in hydrochloric acid. 
(Found : N=14-24. C 20 H, 3 Jf 8 requires N = 14’14 per 
cent.). 

‘ ' r - / r 

• Benzo-heptatriazine Compound with Alloxan. 

' %• ' 

i> t 

One gm. of alloxan was allowed to react .with V 1 gm. 
•of o-aminophenylhydrazirie hydrochloride in 12 c.c. of 
absolute, alcohol saturated with hydrogen chloride iri a 
sealed tube at' 100° for 4 to 5 hours when a yellow 
crystalline precipitate was found to have settled at the 
bottom of the tube. The precipitate was thoroughly 
Washed with* hot watdr and was found to be insoluble in a? 1 
the ordinary organic solvents.' It was dissolved in caustic 
soda, from which it was precipitated by the addition of 
hydrochloric acid as beautiful yaltow crystalline plates, 
which did not melt even at 300°. (Found: N=30-77. 
C^HyO-Nj requires N=30’56 per cent.).* 

Benzo-heptatriazine Compound' with Isatin. 

, * ♦# r 

It was prepared ap the preceding compound; and was 

crystallised front pyridine in shining red leaflets. It is 

fairly soluble in alcohol and acetone from * which it doep 

nbt crystallise well. It does not melt even at 300° and 

is insoluble both in ac|ds and alkalis. (Found*: N= 24 • 1. 

C, 4 HioN 4 requires N= 23 -93 per cent.), 

* * 

2 : S-Benzo-5 6-acenaphtha-l : 4: 7-hep t at riazine. 

% * f 

A mixture of 1 gm. of the. aminophenylhydrazine 
hydtochlorjde and 1 gm.’ ,of acenaphthenequinone was 
heated in a sealed tube' with alcoholic .hydrogen, .chloride 
as usual. I'he product crystallised 1 from pyrfdjne or 
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apetbne in orajige % brown needles* melting at 180°. It 
does not dissolve in alkali or in hydrochloric # acid.** 
(Found: N=l5-82. C w HjiN 9 re*quires 15*61 per 
cent.)* * * * 

2 : 3-Benzo-5 : 6-phenanthra-l ; 4 : 7-heptatriazine. 

The condensation was brought attout as in the case 
of the above contj^unds. The product was at first crystal- 
lised from pyridine aud then from acetone in white need- 
les, malting at 220°. It is fairly soluble in. alcohol but 

•insolublS in *ether* and chloroform. It dissolves with 

• • 

• difficulty in strong hydrochloric agid. £Found : N ■» 14*35. 
CjoH^Nj requires N=14-24 per cept.). 

Phenanthra - o - phenylene - dihydrazone , similarly ob- 
tained from the hydrazine hydrochloride and phenan- 
1 thraquinone monoxime, formed a gre^n precipitate which 
was crystallised 'from pyridine in beautiful green needles. 
IUs fairly sdluble in alcohol, acetone and acids and 
mej.ts at lb0°. (Fouud : N=k 18 -2. Cg 0 N 14 N 4 ‘requires N-» 

18*00 per cqnt.). * • 

• # 

O'Amitfophenylhydrqzvte and Isaiine Monoxide : 'For- 
matibn of Isatin-6rt\\opkenylene-dihydrazonp (II). * 

Equal parts of* the reactants, in glacial acetic acid 
solution were heated in a sealed tube for 9 hours at 

0 • • 

100°.* The yellow needles, obtained on Cooling, were 
, repeatedly washed with water and finally crystallised 
fjom acetone. The compound is soluble fn hydrocl^lorio 
aeid .and melts at 27T)°. (Fopnd :* N=28*35., CuHnN* 
requires *N= 28*2 # per cent.). , . 

2:3 : 6k 7-Dib<*nso-4 : 5-dihydro-l : 4 : 5-hepiatria- 
zine (III). 

• • • 

* An intimate !nixture*of 1*5 £m. of the amino-phenyl* 

hydrazine hydrochloride and 1 gm..of o-phen^lenedi- 

amine was heated . on an *>il-fihth # aj 180-200®. Within 

the course of .a fevv ’minutes a molten mass was obtained 

* • * 

7 
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tnd ammonia began to evolve with the'prtogress of" the 
paction. Heating was continued for about 5 hours when 
he evolution* of alnmon'ia ceased. The reaction product 
vas finally powdered and boiled for about 10 minutes 
frith water. *The residue was dissolvent in strong hydro- 
chloric acid from which it*, was precipitated by ^alkali, 
rhis operation w^s repeated several timps and finally it 
was purified from pyridine, m. p. about '300°. (Found: 
N = 21’85. C l5 .H n N s requires N*= 21*32 per cent.). 1 

<2 : 3- Bemo-6 : 7 -methylbenzo-4 : o-Uihydro-l : 4 : 5- 
heptatriasine . 

< Thiscompouud was. prepared by heating an intimate 
nixture of o-aminophenylhydrazine hydrochloride and 
L gm. of 1:3: 4-tolylenediamine at ISO — 200°. After 
extraction with hot , water the residue was purified by 
dissolving in strong sulphyric acid and precipitating 
with a large quantity of water. This operation „ was re- 
peated several times. It was crystallised from pyridine 
is a blach crystalline . powder, ft is insoluble in almost 
ill other organic solvents, m.<p/ above 1 300°.. (Found: 
N=2CM>5. Cj 3 H, 3 N 3 requires N = 19*69 per cent.). 

2 : d-J?enzo-6 : 7 -uctphtho-4 : o- dihydro- 1 : 4 : .5 -hepta- 

triazine. ' ' , , 

* • 

It was prepared and purified by a similar method. 
It crysfallised .from pyridine in beautiful red crystals. 
It i§ insoluble in other 0 organic .solvents and melts at 
140-48°. * (Found : N<~17 ! 36. C W H„N S requires, N = 17*0 
per cent.). * , 

i * * 

o-Pkenylene-aemioxamazide (IV). 

» C ( 

One £m* of o-aminophenylhydrazine* was gradually 
added to ^nitrobenzene sblpfton of* 1 gm, oif oxalyl chlo- 
ride when the reactibn commenced at once. JTo com- 

* i * r ‘ ” 

plete the ‘'Reaction, the mixture was -boiled for a* few 

* « 

minutes. On* concentration a brown precipitate came 
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out 5f the solution^ which was crystallised from nitro- 
benzene. It is insoluble in almost ell other organic 
solvents, acids and alkalis and does not ip&lt efen at 
300 c . iFoundf : :N = 24 V>. 0 8 H 7 O 2 N s .requires N«t=23*7? 
•per cent.). 

o- Pheti^lene-semirnalonamazid e % ( V ) . 

.One gm. *of o-aminophenylhydrazine hydrochloride, 
2 gms. of sodium acetate and 1 gm. of malomc ester with 
a smal^ ’quantity of absolute alcohol were heated tn a 
«eale.d« tube for 5-6 hours between >80 and 200°. The 
contents of the tjibe, after a thorough gashing * \fith 
water, were crystallised from pyridine in red plates which 
are insoluble in *acids and alkalis, and do not melt even 
*at 300°. (Found : N = 223. CjIi^OjiN, *requires # N *= 21 '98 
per ccjnt.). 

m 

• • 

o- P henyle*ethiocarbt)hydrazide • (Via). 

• • • 

An intimafe nfwcture of 4 gms. ot’thiosemicarbazideiind 
2 gm^. of the amipphydra^tne hydrochloride was* heattHi 
on an oil-bath at 1SQ-200 , when ammonia evolved. The 
product was powdered, washed with hot watea, dissolved 
, in alkali and precipitated by the addition of <|ilute hydro- 
chloric acid as a black precipitate which was insoluble 
*in»all ordinary organic solvents and did nctf melt even at 
300°, (Found: N = 3\T>2. C 7 ^N 4 g requires N-dl'l 
per cdht.)^ * ' • • ' 

Disulphide . — Ah sxcess of iodine solution (m potas- 
sium iodide) Vas added llrop by drop to the thio-compound 
dissolved just,, in, the* required quantity of sodium hy- 
droxide solution, when « yellowish crystalline precipitate 
insoluble in aH’organfb solvents and ‘melting at 125° 
was .obtained. {Fpund : N « 31*32 ,» S^= l$*2. • C u H u N g S a 
required 3 1 28 ; S*=17‘9 per cent.). - * 
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• 

Acetaldehydh-o-ni\rophenylhpdrhzo~ne. 

An alcoholic solution of 3 gms. of acetaldehyde 
was shaken with 1 * gm. of o-nitrdphenylhydrazine, 
when gradually orange-coloured need Ids came out of 
the solution^ The product was crystallised from pyridine, 
m. p. 101°. It is iusoluble in alcohol, acetone, ether and 
chloroform. (Found: N=23'52. C^H 9 0 8 N 5 requires 

N= 23*46 per cent.). 

Reduction of a the alove Compound : J 'Formation of 
p-Methylbenziminazole. 

Two gms. of the above hydrazone were heated with 
6 gms. of granulated 'tin and 50 gms. of concentrated 
hydrochloric acid. After a few minutes, *a clear red 
solution was obtained which, however, became colourless 
on further heating. The solution was then largely 
diluted with water and tin removed by sulphuretted 
hydrogen. The solution was then evaporated to dryness 
on the "water-bath, the crystalline residue dissolved in-the 
minimum quantity of ’water and the free base liberated 
by the addition of ammonia. Ifr was Crystallised from 
alcohol. It is soluble in ether and forms a soluble 
hydrochloride with hydrochloric acid and melts at 173°. 
(Found : N= 21*30. C 8 H 8 N 8 requires N = 21*21 per cent.). 
o-Nitrdbenzaldehyde-o-niti'ophenylhydrazone. 4 

A mixture of 2 gms. of o-nitrophenylhydrazine and 
2 gms. of o-nitrobenzaldehyde in dilute alcoholic solution 
was heated under reflux for about 15 minutes, .when an 
orange-coloured precipitate gradually formed in the 
solution. It was allowed to cool, filtered, washed w r ith 
dilute hydrochloric acid and 'cold alcohol, and was 
crystallised from pyridine. <. It is- insoluble in alcohol, 
ether, chloroform, alkalis and acids and melts at 223°. 
(Found: If =19*62. Ci 3 H 10 O 4 N 4 /requires * N =1,9*58 
pep cent.). * * 
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,/ ReducUoh *of the above Hyctrazone : Formation of 
2 : 8 : 7 : 8-Dib*enzo-l : 5 : 6-octatriazine (VII). > 

The reduction of the above hydrazone y&a first tried 
with zinc dust * and acetic acid and tlifcn with sodiufn 
hyposulphite (compare J. Chem. St>c., 192$, 123 , 2408) 
Jmt to* no purpose. Finally, »ihe actioh of (Jin and hydro- 
chloric acid wa^jtried with success. Three gpos. of. the 
above hydrafcone were heated under reflux with tin and 
hydrochloric *acid. After an hour, a 'pink*coloured clear 
solution was obtained which became colourless on further^ 
heading. After removing tin, th^s solution was evaporated 
to dryness and thq crystalline hydrochloride thus bbtained 
gave the free base on the addition of ammonia. It was 
_ crystallised from alcohol in shining colourless plates 
melting at 210°. (Found: N = 20‘lg. Cj 8 HuN 8 requires 

20-09 percent.). . * * 

• • 

<• 

* Salicylaldehyde-o-iiitrophenylhydroeone. , 

• * , 

Two gms ¥ of ^o-flitrbplienylhydrazine were heated in 

alcoholic solution with 2 gins. of salicylaldehyde for About 
30 iftinutes undef reflux, when a bright red precipitate 
came out, which ihcreased in quantity on cooing. It 
was filtered, washed with dilute hydrochloric * acid, dis- 
solved in cofd sodium hydroxide solulion, precipitated by 
hydrochloric* acid and whs then crystallised from pyridine, 
(t is insoluble in water but soluble in 'alcohol aqd it 
melt# at 192°. (Founcf: N =1,6*48.* C, s H n 0 8 N $ requires 
N = 1 6*3 'per cent .J. # * # 

2: 3: 7 •: 8-Dibenzo-octa-l-oxy-5 :6 diamine (VIII). 

The method of preparation was the same as that of 
* compound (VII). The* byfjroahloride crystallised £om 
alcohol in white * needles which .melted at *145° with 
decqm position.* (Fftyind: *N = 11*91. • [Ci 8 Ht,ON 8 ] HC1 
requires 11 *3 per.oent,). 
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!«. ^ 

o-Nitrophenylhydraeone of Acenaplithenequinone. 

A hot acetic aqid solution of 1 gm. of the nitrohydra- 
zine was added to a boiling acetic acid solution of 1*5 gm. 
of acenaphthenequinbne when a red ; precipitate was 
formed. The mixture was boiled for some time under 
reflux, allowed to cool, filtered and the precipitate was 
finally crystallised 'from alcohol or pyridine in beautiful 
red crystals, which were insoluble in ether, chloroform, 
acids and alkalis ancl melted at 214°. (Pound : N = 13*15. 
CigHijOjNs requires N = 13*2 per cent.). 

Reduction of the ahove Hydrazone : Formation of 

* I 

2 :8-Benzo-5 :6-noenaphtha-l :4:7 -hepta triazine (IX). 

Two gms. of the above hydrazone were heated under 
reflux with 5 gms. of tin and 30 gms. of strong hydro- 
chloric acid until an orange coloured clear solution was 
obtained. The solution on cooling gave crystals which 
were dissolved in the minimum quantity, of water and the 
base precipitated by „the addition of apimonia. It 
was crystallised from acetone j.n , orange browy needles, 
m. p. 181°, w ( hich were found to be identical with 
the compound obtained by the action of o-amino- 
phenylhydrazine on acenaplithenequinone-. (Found: N = 
15*85. CigHnNj requires N=15*61 per cent.). 

o-'N-itrophfiny l hydrazine and Ant li raquinone : 

Formation of %a Monohyytrazone. 

A mixture • of 1*5 gm. of anthraquinone, 1 gra. of the 
nitrohydrazine and 1 5* c. c. of alcohol was heated for 12 
hours under reflux when a clear Solution was obtained. 
A brownish) red amorphous precipitate was formed when 
the reaction mixture was poured* into water. It was 
filtered, «washed with dilute hydrochloric acid, dried and 
finally crystallised from* pyridine. It Aielted at 206-207°. 
It is soluble in alcohol but not ir acids and ‘alkalis. 
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(Fotind: N==F2’5. a CjoHjjOaNg requires N«*12 , 2<4 per 

cent.)* 

* • • 

o- Ni trophenylmo nohydraznn e of a- Naphthoquinone. 

One gm. of the*nitr5hydrazine was heated in alcoholic 
solution wkh 1 gm. of a-naphthaqyinone for about 2 
hours. Dark red crystals came out of the filtered solu- 

* f 

tion on cooling»^ind a further quantity was obtained by 
pouriiig the Reaction mixture in watej. It is not soldble 
in any prganjc solvent excepting alcohol and even from 
that it*could not be obtained in crystalline condition. It* 
is soluble in strong sulphuric a*bid from which it- can be 
precipitated by life addition of wetter. It is insoluble *in 
alkali and in hydrochloric acid, and melts at 170°. The 
yield was about 1 gm. (Found: N = 14 - 8. CkjHhOsN., 

requires N=14\33 per cent.). 

• • 

• o-jy/ troph&nylmonoh yclrazone of Phenanthraquinone. 

.One gm. of the*nitrohydfazine and l*-5 gm. of phenan- 
thraquinone • wejp heated in acetic acid solution under 
reflux for.about *15 minutes when an orange-red crystal- 
line precipitate formed in the hot solution.. It was cooled 
and thep filtered and the residue? was crystallised from 
pyridine in beadtiful red crystals rgelting at 245°. The 
yield* was about 2 gras. It was ’insoluble in water and 
alcohol. (Found: N = 12 32. C ao H 13 O s N 3 requires N *= 12* 
24j>er cent.). 

An attempt to prepare o-Nttropheni/ldikydrazone of 
• Plena nthraquinbne. 

One gm* of the *a\)ove hydiazone anH 4 gms. of the 

nitro-liydra*zine were heated in a sealed tube at* 100° with 

12 c. c. of 'absolute 'alcohol^ Saturated with hydrogen 

chloride # for 12 hours. "'Ttye compound isolated ffom the 

reaotion mixtifre inelted at 245° anffl was proved to be the 

unconverted monohyflrazone. t 
» • 
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Benzil-o-mtrophenyldihyd'sazone. 

Admixture of 1 jgm. of the nitrohydrazine and 1*5 gm. of 
benzil was heated in acetic acid solution under reflux for 
an hour. * The solution on standing for g a fdw days yielded 
an orange red crystalline mass which was first.crystallised 
from acetone ’and Chen front alcohol. It melted at 1? 6° 

(Found: N=17*55. C 2fl ff2o0 4 N e requires 17*5 percent.). 

• 

Oxidation of the above Dihydrazone : Formation of 
, Diphenyl-dinitrodiphenyl-osotetrazine. (?) 

The above dihydrazone was oxidised merely cn ex- 
posure to the air to give a white amorphous powder. It 
was insoluble both in alcohol and acetone by which the 
unreacted dihydrazone was washed away, m. p. 200° 
with decomposition. (Found: N=17‘62. 
requires N = l7’57 per cent.). 

o-Nitrophenylhydrazone of Diacetylmanoxiinel 

'* * U r 

One gm. of the nitrohydrazine was heated in dilute 
alcoholic solution with 0'7 gm. of uiacetylmonoxime 
for about 2 hours under reflux. An orange red preci- 
pitate was formed on pouring the solution into water. It 
was dissolved ,in dilute caustic soda and, precipitated by 
dilute hydrochloric acid and was finally crystallised from 
pyridine. It is readily soluble in alcohol and in alkalis; 
m. p. 221-222°. (Found: N=23 5. CioH 12 OsN 4 requires 
N=23*72 per cent.). 

* * . t 

l’Nitrophenyl‘3:4-dimethyl-l:2:5~08otriazole. 

One gm. of the above hydrazone was heated in a 
sealed tube with 12 c. c. of absolute alcohol saturated 
with hydrogen chloride pt 100° for 12 nours, when the 
colour of' vhe solution suffered a gradual change. The 
brown solid mass, obtained from the contents of the tube, 
was filtered, and crystallised from pyridine. It was in- 
soluble both in acids and in alkalis, sparingly soluble ip 
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alcohol and, insoluble in ether. melted at 285° with 
decomposition.* It ‘gave an azo colour with /?>naphthol. 
after the nitro, compound was .reduced aqd diaztftised! 
(Found: Ns=2p;77. C 10 H 10 O s N, requires^ N= 25*08 per 
cent.). 

Qxalo-o-nitrbphenylhydrazide (XII). 

A mixture gm. of oxalic ester «,nd 1 gm. of o- 

njtrophenylhydrazine in glacial acetic acid solution was 
heated* for half an hour under reflax when brick-red 
, erystals*were*foun$ to have deposited which, after filtra- 
, tion and washing, were crystallised from a large quantity 
of acetic acid; m.^ p.265 3 . It is almost insoluble* ia all 
ordinary organic solvents. It dissolves in alkali produc- 
ing a blue colouration. (Found: N = 23*38. C w H u O e N a 
requires N«=23 33 per cent.). 

Reduction < f the* above Compound. 

• One ^ram of the hydrazide was heated, with 6 gins, 
of *tin and 50 c. c. of. concentrated hydrochloric acid.* 
Within an fiouiV the hydrazide went into solution 
producing* a beautiful *pink colouration which was 
discharged on f,urtlvBr heating. Tin % vvas removed from the 
solution*by sulphuretted hydrogen \nd the •filtrate was 
evaporated t® drvness on the wafer-hid and the residue 

f I * • • * 

was found to^be a tarry product. 1 

• p-Nit rop heny l hy drazine anc[ o- Phenylen°diamme 
Formation of o : o '- Nitroaminohydrazobrnzene (XIII). 

An intimate mixture of 1*5 gm. of o-phenvlqpedia- 
mine and l # gm. of o-nitrophenylhydrazine was heated 

w » 

1 It- is expected! that if t lu> # rwaporai ion fa carried on at »i lower temp jvaturc 
under reduced pressure fcfien t\ti$ aorfc of 0 decomposition can be avoided- But, 
unfortunately *the experiment could %iot b© rojjeatqd fox want ^ of a sufficient 

quantity of o-nitrophenylhydr&zine. 

• * 

8 
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up to 100°. The whole ma&s fused and the reaction was 
allowed to proceed until the evolution * of ammonia 
ceased 1 . The product was ground to a fine powder and 
boiled with w&tpr. The residue was dissolved in dilute 
hydrochloric acid and precipitated by alkali. This 
operation was repeated several times. Finally an attempt 
was made to crystallise it from pyridine but no crystals 
came out Of the solution. It dissolves hfacids producing 
a beautiful red fluorescence and does not njelt ev,en at 
300°. (Found: N = 23*38. requires N*=229 

per cent.). 

( 

- deduction of the above Compound-. Formation of 2 : 3 : 
0: 7 :-I)ihenzo-4 : o-dihydro-1 :4 :5 -hep tatria sine (IV). 

The reduction was carried out in the same way as 
that of acetaldehyde-o-nitrophenvlhydra/.i.ie. The brown 
amorphous base was finally crystallised *rom pyridine, 
m. p. above 300°. (Found: N = 21-8. C, s H n N s 'requires 
N ==21*32 per cent.). The compound is apparently 
id en Meal with that obtained by the interaction of o amino- 
phenylhydrazine and o-phenylenediamins ( vide p. 49). 

' The work is in progress. i .. «■ 

* Our thanks are due to Sir P. C. BAv, and Dr. J. C. 
Ghosh for tbe kind interest they r have taken in the 
work. 
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The Ionisation Potential of Hydrogen 

Fluoride. 1 

BY 

A. N. Kappanna. 

The ionisa'tion potentials of hydrochloric, hydrobremie 
• andjiydriodic acids have been determined experimentally 
by Foote and Mqhler (HC1 only* J. Am. Chefn : Socl, 
1920, 42, 1882) and Franck and Knipping ( Zeit . Physik , 
# 1921, 7, 328). • The experimental difficulties involved 
in # a direct determination of the ionisation potential 
of hydrofluoric acid are pbvious. It is therefore of 
some interest to calculate this value indirectly. Two 
attempts have so for been made in this direction. *Turner 
{Phil. Mny.t *192p, 48, 1010), on the basis of a linear 
relationship which he faucid to exist between the atomic 
numbers and the quantum defects computed from the 
ionisation potentials of the hydragen halide molecules, 
calculated the ionisation potential of JJF td be 17 9i;0'5 
voltsj More recently Glockler {Phil. Mag., ,1925; 50, 997) 
bps calculated this, value from thermochemical considera- 
tions based on the value obtained by Grimm and Herz^ 
fold * {Zell.* Physik, 1923, 19; 141) for tjie difference 
between the heat of dissociation of .the fluorine •molecule 
(JD f ) and tlie electron affinity ( E? ) of th$ fluorine? atom 
and finds it. to be >5*67 ±0*7 volts. Again, ^obtaining 
’ 2> r and E r ,by extrappJkting ttye known values for the 
other halogens and obtaining*an indopendent’ta^ue % for 
{D v —El *), the ionisation ^otentiaj was *foupd to come 
out to he 15 volts, 'fhe values obtained by. these two 
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authors are very hyich thigher than £hqse for other 

r hydrogen halides which lie close to ace another. 

% 

. Hi ‘ ... 12*6 voltl 1 

KLBr ♦ ... 1^0 „ T 

HOI • ... 13-69 

* ' » « 
Glockler considers that a certain amount of uncertainty 

exists about the values of D t and E Y ^hiqh he used in 

his* calculations. .A value lower than that, of GMookler 
• • 

has been obtained below from calculations made .from a 

* € i 

"slightly different standpoint from that of Glockler, the 

4P ^ • i 

theynpchemical data made use of being of a more certain 
nature. * * 

‘ Fajans (Bei\ Dent. Phys. Ges., 1919 t 21, 549) in ex- 
tending the work of Born on lattice energies pointed out' 
that 'the heat of solution of a solid salt may be regarded 
as the sum of two effects, viz*, (1) the heat required,, to 

* 4 

convert the solid salt into free gas ions, or wh&t is the 
satne as lattice energy and (2)"tke heat of solution' of 
these gas ions. 

Potassium fluoride and potassium ohloride ‘ hav^ the 

same lattice structure^, as rock salt. • According *to the 
« « 

calculations of, Fajans and Herzfeld ( Zeip . Physik, 1920, 

2, 309) the lattice 6nergies for potussium fluoride and 

chloride are 192-2 and 159 0 kilo. ♦ cals respectively. ♦ The 

treats of solution of KF and KC1 are +3*6 and — 

respectively (Landolt and* Bornstein’s Tables). Expressed 

in equation, form — 

€ 

M- -j 

K ga» + = KF . 0 lid +192 ’ 2 , k , ila Cal ® 


KP Bolid + «q ,ss ?»o+ F M.+ a *^ ” 


1 These. values are taken from Franck (Zejt, PhyBik, 1922, lt\ ICO). 



,, IONISATION POTENTIAL OF HF. 


01 


Adding 


+ - 


gas 


+ aq s= K m +F af| +195-8 kilo, cals 


aq 


aq 


Similarly, 


+ — ■ + — •* 

K + C1 + aq s K +01 +154-6 

ga« ’ gas aq ' aq ' J 


or, 


’ (Kfcns + >*q)-(Gl gaB + aq)=F nq ~Cl a(f +41-2 kilo. cals...(l) 
Again . 

• -j- 

HCl + oq= H + Cl —17-43 k. cals (LandoltVTbfcfcs).; 

ga* ^ % ftq aq *» \ 1 


+ — « 

H „„ + Cl = HCl „ +313 k. cals < from ionisation 

gR8 gaR » potential},. 


A tiding 


Kl* + <V .+ aq = H aq + Cl aq + 295 • 57 k. cals 
* # * 

» 


( 2 ) 


The solution <3f hydrofluoric acid is quite different 
from.that of strong acids. Verv little of HF is found to 

be ionised in solution and when its neutralisation is effect- 

• • 

ed by strong alkalis, the amount of heat evcflved is 2*6 
k. ca\js greater than* in the case.ot* the other, halogen 
hydrides. Hpre if we assume that HF exists in solution 
practically as non-ionised, we can regard *this excess of 
heaf of neutralisation as the heaf liberated in th§ process 
of the ionisation of the acid. * * * 

Guntz ( Qompt * rend., 1883, 96, 1659) found th§ heat 
of solution ot HF to be 1L'8 k. cals. * 


• • 


HF 


ga» 


J-*aq’ = HF *+11.8 kjlo. cals. 


• • 


HF. = H 4-F +2-6 

• Aq aa ^ fta 


aq 


aq 


and 
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Adding , o 

HF gas +aq=H aq +F aq + 14-4k. cak ... (3) 

( <>. 

If a? be the ionisation energy of HFg aB in. beat units, 

+ ~ <■ 

H + F = HF + o*. 

gas “ gas gas ' 

Combining this with equation (3), we g^t 

+Fpj. +aq=H„,+ F, q+ (U-4+^) ... (4) 

. Now, subtracting (2) from (4), we have 

t 

( F gas +a ^-)-< C 1 ga« + *&= F ac 1 - C 1 a 4 +iB - 281 ‘ 17 - (5) 

Equations (1) and (5) are identical. Thus we find 

*-281 17 -41 -2 = 0 
or, 

* = 622-87 k. cals. 

Expressed in' volts 

* ’ i *■ r % 

V ,(the ionisation potential of HE) = 14 02 

* 

o ^ I 

, The assumption made above that HF exists in splution 
practically, %s non-ionised is only approximately correct ; 
so that this introduces a small error ip the value of x we 
have arrived at. But this error, would be very .small 
when expressed in volts. It will be seen that the value 
obtained in this calculation is only ,0‘S volts higher than 
the ionis&oion .potential of HC1. 

My best thanks aro due to Dr. J. 0. Ghosh for his 
kind ehcouragement. 
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The .Relation ^between the S^urface.Tension 

aqd Vapour Pressure of Binary Mixtures. 

By 

"S. A* Yaj^ik, H. K. Shakma and M, C. BraradwAj. 

• 

It js a well known fact that the curve, represeating # 
the, relation between vapour pressure and composition 
usually belongs to, one of three main tvpe^: — * * • • 

(a) The*vapour pressures of the mixture may lie be- 
► tween those of the pure components. 

( b ) The vappur pressure curve may have maximum. 
(v) Jhe vapour pressure curve may have a minimum. 

* It was expected that the surface tension of binary 

l • | • 

rnfxtures would also giire»similar types of curves and*m 
order to •determine the exact relationship between surface 
tensions rfad vapcvur pressures, the present investigation 
was undertake^. , 

Moreover attempts have been made by Volbmann an4 
Whatmougb and others to obtain suitable .formulae for 

I o ^ • 

calculating the surface tensions of mixtures. Volkmann 
M mi. Physik, 188 , [iii], h20) suggested that the 'surface 
feitsion of binary matures can be represented by* the 
formula— * • 

, 7=y. v i+r2 v s 

where y represents the t surface tension o$ the mixture, 

y t and y., represent the s^irlace tension of the cdVnponents^ 

v, and u s volumes of th’e liqutdji ’taken fractionally. 'Shis 

formula # bas got many -exceptions. * Later on Whatmough 

( Zeit . physikaL Ghent., 1902, 39, 1?>8) modified the above 

formula and took inth account .the volume changes which 
• • • • 
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r i 

\ 

take place on mixing and proposed the following for 
mula 

y=R(y,V,+y 2 V 2 ) 


where y, y„ y 2 , v„ v 2 ’have the same significance as before 
and B is the ratio of the calculated to the observed 
density. By the help of the data obtained as the result 
of the present investigation, the validity ox the above- 
mentioned formula) was tested by comparing the observed 
values with the values calculated. 

Experimental. 

Zawidski ( Zeit . physikal. Chem., 19^)0, 35, 129) has 
determined the vapour pressure of a large number of 
binaxy mixtures and' from his work the following mix- 
tures, belonging to each of the three characteristic types, 
were selected for the present investigation. 

1. Mixtures, the vapour pressure curves of which 
correspond with a straight line. 

(а) Benzene and ethylene dichlorlde. 

(б) Ethylene dibromide and propylene dibroinide. 

(c) 'Bromob^nzene and toluene. 

(<£), Chlorobenzene and toluene. 

2. .Mixtures, the vapour pressure curves of which 
pass-through a minimum. 

(а) . Acetic acid and pyridine. 

(б) Chloroform p,nd acetone. 

■(c) Methyl alcohol and ethyl iodide. 

3. Mixtures, the vapour pressure curves of which 
pass through a maximum. 

’ r " (a) "Ethyl iodide and ethyl acetate. 

(6) parbon tetrachloride and ethyl acetate. 

( c ) Carbon disulphide and acetone. 

(d) Carbon tetrachloride and ethyl iodide. 
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Purification of the Chemicals. 

The chemicais were all purified by the upual methods. 
In case of pyridine^ hovtever, the sample boiling between 
112°— 116° was taken. Although * this happens to be 
impure, yet reference to the Work of Zawid&ki ( loc . cit.) 
will show that thp same sample was used by, him. in 
connection with his work on vapour pressure. 

The meth'od used for the determination of surface 
.tension was the sphere detachment method due to Fergu- 
. son '{Phil. Mag., 26, 926). % v • 

Both Volkmani/s and Whatmpugh’s x formulae* Wene 
used for obtaining values of surface tension by calcula- 
tion but as Whatmough’s formula was not found to 
shcjw any decided advantage over V*>lkmann’s forpjula,, 
in the following tables calculated values in accordance 
witli Voljcmauft’s formula are only given. 


Benzene dart Ethylene Dichloride. . 


■ 


i — 

• 




1 






• 1 



• 


1 

7 fit 17 


.7 at 50 

1 

Vol. % Ethylone # 




. 

• _ 


bromide. 





* 



• 

• 


< )b». # 


Cal. 

Ol>s. # 

Cal. 

• 

• 






• 


0 



2917 


’ m 

24*08 

. . .• 




• 


4 


• 10 



29 • 33 

j 

29 ■ 42 , 

24-38 . , 

24-38 

20 



5tf)- 50 


29-67 • 

24*66 1 • 

24 -67 




• 



i 

30 

• 

• 


29-61 

• 


29-92 

24-^8 

2? -99 

50 

• s 


3005* * | 

! • 

30-42 

25 * 56 i 9 

25-56 


•1 

• 

t 



i 

70 

• : 

1 


30*53 • 



241 6 » 

26-16 



* 



• 

• * • 


90 



31*21 


31*42 * 

26 ■ 75 

»6-75 







• , 

♦ • 

* 100 



31 liS 


• 

* 27 • • 


• 

f * 



0 9 


i 

! 

1 





• 


• 

• 

• • 
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2. Propylene Dibromide and Ethylene Dibromide. 


X. 

t 

y at 17° 

'! 

y at 40° I 

y at 8*° 

Vol. % Pmpy- 

C 



* ; 

1 



lene dibromide. 

t 



1 




Obfl! 

< 

« Oat. 

<>b». , 

Cal. 

* 

*0b«. 

Cal. 

0 

3§-42 

-r — 

... 

1 

35-28 

% 


32-25 


10 

38 ‘02 

38-17 

34-81 

34-98 

31*88 

31-86 

f 

1 






20 

37-68 

37-91 

34-48 

34-67 

31-47 

31*48 

1 

30 

37-35 ' . 

37-66 

34-02 

34 39 

53109 

31-09 


37 01 

37-39 

33-60 

34^0 

‘30 71 ' 

30-70 

50 

36 45 

1 

, 37 15 

33 • 38 

j 33-81 

30-31 

*30-31 

• 

f < 60 { 

36 • 35 

tt 

36- f 90 

33 18 

33-53 , 

« 1 

29-93 

29-93 

70 

36-22 

36 • 65 

33 01 

33-24 | 

20-51 

29-54 

80 

35-94 

t 

36-40 

32-67 

32-95 19 

| 2915 

1 

29-16 

90 

0 4 1 

35 * 88 

|r 

#. 36 • J 4 

32 52 

) 32 67 

j 28-77 

| 28-, 77 

100 

35-88 

1 

32-38 


j 28-38 

!*> 

! 1 
i 

! <4 


3. ' Bromobenzene ,/md Toluene. 


Yol. %, BrO- 

7 at 20 " 

4 7 » 4 it 

35° 

, 7 at 50° 

mobensene. 

t. 

_L. 1 

Obs. 

t ,Cal. 

Obs. 

•Cal. 

- 

Obs. 

. 

r p, 

Cal. 

0 

25 16 

« 

... 

23*16 

- ... 

22 43 


10 

• 26-U 

25-86 

23"4 

24-03 

23-49 

r 

. 23-36 

fv 

20 

,27-19 

26-57 

25 18 

24-90 

24-30 

24« 29 

30 

28-10 

, 27 *-28 

26 05 

25-77 

25-21 

25'* 22 

40 4 ’ 

4 28-65 

* 27-99 

26-81 ■ 

26-64 ’ 

26-23 

26*16 

0 

50 i 

i ; 

28-90 

28-71 

27 66 ! 

i 

• 27-51 

, 27-77 

27-09 

I 

60 

29-03 

29-41 

28-65 

V» I 

• 28-37 

c 

28-20 

i 

28-02 

70 l 

30-16 

30-13 

29,52 

29-24 

* 29-03 

28-96 

| 

' 80 , 0 

31 -38 

ft* 

30-84 

i e 

; '* 30-45* 

30-11 

i 

29-91 

29-88 

90 

- 31-98 

! ‘ 31-55 

' t 30-89 

30-98 

30-77 

! 30-81 

< ( 

c c 

1 

< 


< 

j 

100 

32-26 

— <■ 

! ... 

1 31-85 

i 

* » 

1 

31*74 

« * j 
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6 ? 


* 

4a. * Chlorobenzene and Toluene. 




• • • 

• 

y a 

• 

? 20° 

• 

§ 

y at 35£ 

• y at 60* 

Vol. % Ctyoro- 

• 


• 

• 

• 


• benzene. 


, Ob*!*** 

• 

Cal. 

} 

i 

obs. ! 

i 

| 

» 

Cal. 

«• 

obs: 

Cal. 

! • 

0. 

• 

• 

25-15* 


\ 

i 

23*16 ' 

f 


• 

s 

1 

i 22 43 

( 

| * 

f 

• 

• 

10 


25*40 

• 

25-67 

• 

23-51 

• 

V 

23-68 

V 

! 

23-15* 

i 

i 

. .23-17 

• 

20 


• 

25 52 

• 

26 19 

24 23 

24 50 

23 97 

23*91 

30 


26 09 

• 

26-77 

25-02 

25*26 

24*77 

• 

j 24*66 

• • 

, *40 

• 

* 

m 24 

• 

27*25 

• i 

25 62 ; 

25 • 98 

25 44 

j 25*39 

i 

► 50 


26-90 * 

27-77 

• • * i 

* 26-63 

26*60 

25-95 1 261 5 

1 * • 

» 

60 

• 

• 

* % 

27-*j« | 

I 

28*29 

• • 

• 

27*38 | 

27*36 

20 SI 

• 

•26*88 

• 

70, 


• i 

28-31 i 

• 

28*82 

27*94 

4' 

) 

28*62 ; 

i 

28*06 | 

i 

* 27 71 

27(52 

80 

• 

28*78 

; • 

29*34 ; 

• 

1 

2**76 

• 

• • 

• 28*43 

28 $7 

• 

•90 


29*60 

• 

! 29*87 

l 

•j 

29*21 j 

29*42 

i 

• 

* 29-16 

• 

29-11 

1(X> 

» 

» 

! 

i 

30*39 

• 

• 

30*^6 

• 

• 

4 

! 

i 

1 

t 

29*85 

• 

. .. • 

* . .. * 

• 

. • • 

• 

The observed and calculated values* coincide* very 

well in all .these cas^tt; hence we can say that when 

* vapour pressures of lyfeturps qbey the mixture law, the* 

surface tensions* of those mixifures also* obey thle mixture 

*1 • 

law, and • fchen. these valued are plotted 'graphically, we 
get a straight line! 


V 
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« 

' 5. Ackt\c Acid and Pyridine. ,■ 


Vol. Acetic 

acid. f 

< < 

7 at 20° 

i i 

, 7 

7 at 40° 

• 

7 at 80° 

Obf. 

Cal. 

Obe. 

< 

Cal. ' 

*/ 

< Ob®. 

Cal. 

0 

87-22 


34*32 

._ 

.28*32 


10 

36-82 

36-17 

34-27 

( 

33*36 i 

i 

28-32 

27 67 

20 

36-02 

35*12 

33-71 

32*61 ; 

j 

# 28 -31 

26*82 

30 
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40 
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70 
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§ ... 

• 

6. 

Chloroform and Acetone 

» 

• 


< 

Vol. % Ace- 

7 at 15° 

" 

7 at 25° 

y ftt 35° 

tone’. 

• 

Ob®. 

Cal. 

i 

Obs. 

9 ul - j 

Oba. 

1 

Cal. ; 

r | 

0 

27-29 

... 

25-67 

... • 

24*92 


10 * 

] 

27-05 

' 

2t>-92 

1 

25*56 

25*34 

24 81 

24*54 

20 * 

26-78 

26-56 

25 ■ 43 

25*01 

24*65 

24*16 

* - 30 

26*48 

26 • 1.9 

25*25 

24 68 

24 48 

23*30 

40 * 

, 26*18 

. 25 * 85 f 

25-06 

24-35 

24 18 

23 40 

50 

25*88 

25 • 45 

24 81 
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i 
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7. Methyl Alcohol and' Ethyl Iodide. > 



1 I 
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In this* case alscf Ve*find that the observed values 

*of surface tension are greater than those calculated while* 

* the vapour pressures ^re less * than those calculated and 

the curvd basses through maxima. * 

• 4 # * 
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8. Carbon Tetrachloride and "Ethyl Acetate. 


4 

i 

Vol. % Ethyl 
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1 

25-02 

I 
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20 
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« 
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70 
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80 
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2 1*77 
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23-56 
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1 
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■ « 

. <■ * 

. Ethyl Acetate and' Ethyl Iodide. 

« * , 


« 
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f 
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20 

28-22 
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| 
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70 
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80 
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90 
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♦ 

t 
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10. Ethyl Iodide and Carbon Tetrachloride. 


Vol. % Ethyl 

y A 25-2° 

. .. ...... _ 

y at 3? ■&" * ! 

• 7 at 50° 
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• * ^ 
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• 

• 

• 

* - 

• 


11. Acetone arid* Carbon Disulphide. 
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90 
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Here we find that the observed values are much 

r 

less than those calculated by Volkmann’s formula and 
we sum up by saying that when the vapour pressure 
values of a mixture are greater tl^m chose calculated, 
the surface tension ones are less than those calculated, 
and thus when these values are plotted graphically the 
curve will pass through minima. 

Summary. 

This investigation was undertaken with a view to 
fijid out a relation between surface tension and vapour 
pressure of binary mixtures and to see whether the mix- 
tures, the vapour pressure curves of which show maxima, 
minima or straight lines, would behave similarly wilb 
respect Co surface tension or not. Moreover it was tried 
to determine how far Volkmann’s and Whatmough’s 
formulae -were applicable for calculating Che surface 
tension of mixtures. As a result of the present investi- 
gation the following results have been arrived at: — 

T. When the vapour pressure curve is a straight 
line, the surface tension one is also -a straight lir-e. 

2. When the vapour pressure curve shows a maxi- 
mum, the surface tension one shows a minimum. 

3. When the vapour pressure curve shows a mini- 
mum, the surface tension one shows a maximum. 

4t. Volkmann’s formula was found applicable in°case 
of those mixtures, the vapour pressure and .surface ten- 
sion of which are straight lines. • 

5. Whatmough’s formula was not * found to show 
any decided advantage over Volkmann’s formula. 

» * » 
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JOn Triethyleije Trisulphide, and. 1 :4-Dith*an 

BY 

Prafulla Chandra »11ay 

AND * 

KsmxisH Chandra Bosk-Ray. 

* Trigthylene fcrisulpbide and its derivatives hate 
already Ijeen described by one of us {J. Chetri. Soc., 1920, 
*117, 1090 ; ibid, 1922, 121, 1279). Bennet and Berry \J. 
Vhem.' Soc., 1925, 127, 910) hav^j recOs^ly prepared this 
cyclic poly sulphide und conclude that th<^ so-called In- 
sulphide is in’reality 1 : 1-dithian. 

.• In view of this divergence in views we have recently 
re investigated the subject and we find that the com- 
pounds prepared by our method as also by V. Meyer’s 
method *a»e identical in properties. A molecular weight 
•determination in beifyenq solution gave tiie value} *119'5, 
that required by* the formula \C 2 IT 4 ) 2 S 2 being 1^20. 
Bennet and? Berry .detenhihed the molecular weight in 
nitrobenzene solution . 

There are, however, substantial grounds for ‘adher-, 
, ing to the formula previously proposed. It has been 
already hinted at that j n certain cases frhis complex 
sulphide parts with the group C 2 H 4 S anjjl is converted 
infb the simpler modification {loe. cit., 1280),* in other 
wonls,* thp one form can easify pass into. the*, other. 
Moreover, the formation of the two distinct platinum 
derivatives (€ 2 H 4 ) 3 S 2 P.tCl 3 and (C 2 H 4 ) 3 S 3 PtCl 4 cannot be 
accounted for except oil ’the* assumption that in, certain 
cases polymerisation doas takq plnce, 1 thus: ^ 

“A • * 

• Tho sulyUineo dopolymeriees in Jbe jrnsemis state as wol* as in dilute sola. 

tiou ; th*s vapour density of # tho*snbst:u»oe was tiutAu ro?i by Hoff Aistt in a method, 
and it conformed approximately JO tho formula (C a lI 4 ) a S s {>') ■ 20, ^ 
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3((W 4 )A , ~> 2(C 8 H 4 ) 3 S s 

It has lately been found that when the dithian is treated' 
with an aqueous instead of an alcoholic solution of chloro- 
platinic acid, the compound of the formula (C a H 4 ) 3 S 2 PtCl 3 
is invariably obtained. Its formation justifies the use 
of the formula (C 2 H 4 ) 3 S 3 for the sulphide in question ; 
the dropping off of an atom of sulphur, has already been 
noticed when a sulphide is loaded with a heavy molecule 
like platinic chloride ( loc . cit ., 1279 ; cf. also Mann and 
Pope, J. Chem. Soc ., 1923, 123, 1179). Dithian (C 2 H 4 ) 2 S_ 
cannot be expected tn yield a compound containing 
three ethylene/ radicles — in fact, these platinum com- 
pounds are crucial instances in support of our view. 

Experimental. 

llesu'blimed dithian (m. p. 113°) was heated vvitli an 
aqueous solution of platinic chloride afid continuCusly 
‘teased’ with a rod. A yellow crystalline compound was 
formed. It was drained on biter" paper washed with* 
water, dried and then washed with boiling, benzene to 
remove traces of dithian that might be present. The 
preparation was repeated several titnes.* (Found : Pt= 
43*68, 43*&2, 43 26, 43*44; 01=24*25; S^14*58; *0 = 15 33; 
H=2*23. {C 2 H 4 )APtCl 3 requires i>t = 43 63; 01-23*59; 
8=14*17; 0=15*94; H = 2*66 fer cent.) 

As compounds of this type have been known to 
contain . alcohol or etber of crystallisation (this Journal , 
1924, 1. 70; foot-note), care was taken not to use alcohol 
or ether in the preparation, because discrimination 
between (CX) 3 S 2 PtCl 3 and (G;H 4 ) 2 S 2 PtC*l 3 , EtOH by 
analysis* 'is difficult. 

IjNiVBBSiTVf C ollege ojr Science & Technology. Pcccivcd, Deccinber 26 , 192Z. 
r Calcutta. 



Lengthened Chain Compounds of Sulpfhur. 

BY 

P 

PltAFULLA CHANDltA RAY 

• • 

AND 

•KSHITISU CflANDJtA BoSE-RaY.* 

t 

Recently, we had occasion to prtyjare l : 4-dithian in 
quantity by the method described by V. Meyer (Ber . , 
1886, *19, 3S63), namely, by the interaction of dithioethy- 
lerfe glycol and ethylene bromide in j!h*^sence o£ sodium 
ethylate, thus : * 

C* H 4 ( S Na) , + C a H 4 B r , = 2 NaBr + C 2 II < | > C , H 4 

According to Meyer the reaction can be so regulated aft 

will that either dithian alone or its polymer will be the 

pVoduct* If a small quantity of alcohol be* poured over 

tlfe sodium mercaptide* and the requisite amount * of 

ethylene bromiefo added all at once without coolings the 

polymer is formed with evolution of heat. If, •however, 

fifty times thtj weight of alcohol b$ used as diluent aud 

the ethylene ^romide be added drop by»(>rop under 

cooling, the volatile and readily soluble dithian is the sole 

product. The polymei\ when boiled sevefal hours w T ith 

phenol, is changed into the simpler form* 

* • We have subjected the “polymer ” obtained according 

to tlie first method to a systematic Examination, ’and have 

found it to be a ntfixture of two brominated compounds, one 

of which h&d the formula BrC 2 H 4 ( 8 C 2 H 4 ) 4 S Br — a fact which 

apparently pscaped £h*e notice of Meyer. In owe instance 

® £ 
a dibromide of the formula»Brd3 2 H 4 (SCoH 4 ) 40 *Br was jalso ■ 

obtained. The reaction* appears to be* sensitive, \so that 

ve$y slight chan»e§, in experimental" conditions produce 

variatiefns in the results obtained. 
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An attempt to determine the molecular weight of the 
compound BrOaH^SCgH^Br by its dissolution in ethylene 
bromide by the ebullioscopic method gave very interesting 
results. The 'molecular weight found was about half 
that required by theory. It wa§ dircovered that the 
apparent anomaly was due to the splitting up of the 
long-chain dibromide by continued boiling with etbiylene* 
bromide according to the following scheme : 

Blc 2 H 4 ( S C 2 H 4 ) 4 K P r + C 9 H 4 B r 2 = 2 B r C s H 4 ( S C H 4 ) a 4 P r 

The flight deviation from the theoretical molecular 
weight is .easily accounted for by the fact that simulta- 
nepusly a much 'simpler compound of formula BrC a H/ 
(S^CsH^ia'Br is formed in small quantities by the further 
break-up of the resulting molecule, thus : 

BrC 2 H 4 (SC 2 H 4 ) , 4 B r + C s H 4 Br s = 2 BrC 2 H 4 ( SC 2 H 4 ) , t Br 

The above reaction was also studied under slightly modi- 
fied conditions, namely, with an excess of ethylene bromiffe. 
When the latter was added all at once* without cooling, 
three distinct compounds were obtained in three different 
preparations. They had the for me he ( i ) BrC 2 H. ? (SC 2 H i ) 2 «' 
Br, (n) BrC 2 H 4 (SC 2 H 4 ) 32 Br, and (Hi) BrC a H 4 (SC 8 B:,)«B r 
respectively. Compound ( i ) was obtained'when comparative- 
ly small quantities of the reactants were used, while (ii) and 
(Hi) were 'products when* larger quantities of the reactants 
were employed. If the temperature of the reaction is 
higher, a larger number of molecules coalesce to form the 
new compound. This explanation receives support from 
the fact that when the reaction of Meyer modified as 
above «was carried out according to' the second method, 
that is, with cooling, much simpler compounds of formulae 
BrC 2 H 4 (SC* 2 H 4 ) 18 Br and BrC 2 H 4 (FC 2 H 4 )i 0 Br * respectively 
wetfe obtained. It will be noticed, however, 6 that prolonged 
boiling with ethylene bromide again disintegrates the 
compound into simpler molecules (vide vupra). If these 
brominated compounds are heated at about 10° higher 
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than their melting points they decompose into dithian and 

simpler brominated compounds. That the “ polymer 7* 
described by V. Meyer is not* a mere polymeride of 
dithian is further corroborated bj; the fact that some 
compounds obtained by Ben net («/. Chem. Sdc.; 1922, 121, 
^5144)« which appeared to be poly merides of dithian behave 
differently fronq Meyer’s so-called ‘‘ polymer ” when 
heated with’phenol. 

In all the methods employed dithian .was formed in 
very cdnsiderable.quantities. In fact, it was always the 
mam product of reaction. 

The course of the formation of the laminated deriva- 
tives may be represented tb us : 

• _ i — 

RrC a H 4 j Br+Na S. C 8 H 4 . Sj Na+Br C,H 4 .Br + 

1 — » : — : 

• 

-f NaSC.,H 4 S i Na+Br |. C 8 H 4 .Br. 

» * 

= BrC, H 4 •(S ,r \H ,): Bir + «NaBr. 

• * ’• * ^ 

This «ex plaids the •fact that the product invariably 

+ '* 

contains ( n + 1 ) C,ll t residues and n sulphur atoms, where 

n is an, even integer, 

% 

, ‘ . EXPERIMENTAL* • 

• • * , 

• V. Meyer's Method • — One g. ofsodiunr, dissolved in 25 

•c.c. of alcohol, was added to 2 gms, ctf dithidethylene 
*glyeol and finally at the ordinary jemperatur'e all at once 
4 g* of pthyleno bromide werS poured over it!» A white 
amorphous solid* mjiss immediately separated* out with 
great evolution of heat. The product ms filtered under 
suction and washed twiee with cold benzeye in which 
dithian is excessively •soluble. .The filtrate on evaporation . 
yielded an abundant •'crop * of dithian. Th*e .residue, 
in§olulhe in benzehe, was' then washed with • alcohol and 
then several times with water and finally triturated in a 
mortfr With water so as to remove the last traces of 
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sodium bromide. The "dried residue , was extracted i^ith 
‘boiling benzene ; the filtrate on cooling gave a very small 
quantity of r a product which could not be obtained suffi- 
ciently pure for analysis. The inspluble residue dissolved 
completelyin hot nitiobenzene. The filtrate on cooling 
deposited a white 'mass of‘m.p. 170° which when exa- t 
mined under the. microscope proved to, be amorphous. 
(Found : Br=5*96; S =49*95. BrCoH^SCsfo^ioBr requires 
Br=6*18; S=t= 49*46 per cent.). This preparation was 
repealed with double the quantities of the reactarits and 
the products separated as above. The compound which 
wqs thrown dowp<Trom nitrobenzene had the m. p. 163°. 
It dissolved also in molten naphthalene from which it 
separated out in a crystalline form having the same m. p. 
(Found: Br = 5*30 ; 8=51*76; C=37*76; H=6*87. 

BrC 2 fiL 4 (SC 2 H 4 ) 49 Br requires Br=5*21; S = 50*06; 

C=38*33 and H = G*39 per cent.). This preparation was 
repeated ..several tipies with identical results. 

The above compound was fbuhd to be spluble in hot 
ethyl6ne bromide and an attempt \yas made to determine 
its molecular weight by the ebullhjscopic method. 
(Found M. W. = 1486. Calc., M.‘W.= 3068).’ The 
ethylene brdmide solution on cooling gave a product 
which waj? filtered and. washed with ethylene bromide 
and alcohol, its m. p. was 147°. (Found * 8=49*01; 
Bf =10*87. Er*C 2 H 4 (SC 2 H 4 ) 24 *Br requires S=47*17;j 

Br=9*83 per cent.) The^ calculated M. "VY,. of r thjp 
compound' is 1628 which fairly agrees with the observed 
value. „The slight deviation is due; no doubt, to the 
presence of a vefy small quantity of a* simpler ^compound 
(m. p. 100°), which is precipitated from the mother-liquor 
' by alcohol^ (Found : S^= 44*65 ; *Br=17*99; Br*C a H 4 * 
(S C 2 H 4 )'i 2 *Br requires S‘=42*29 ; Br=17*62 per cent.) 

The procedure described above was Rightly modified 
as follows : 
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(<) Sodium (2*8, g.), dissolved ’in 80 c.c. of alcohol, 
yras treated with 6 ’64 g. dithioethylene glycol, the flask 
being immersed *in ice. Ethylenb bromide* (17*28 g.) 
was then rurf itf drop t by drop with constant shaking.* 
The resulting solid mass was washed with’ alcohol, 
benzene, and * ether and Anally with water several times 
to remove sodium bromide completely. The benzene 
filtrate on evaporation gave a copious yield of dithian. 
The insdluble residue wa9 extracted with* boilipg benzene, 
^fhe filtrate oh cooling deposited an amorphous wfyite 
solid, ng.*p. 120° (Found: Br = 20*46; S = 40*86. JBrC 2 H 4 * 
(SCgll^jo'Br requires Br=20'31 ; S =4v*^61 per cenfc.)^ 
The insoluble .product was dissolved in hot nitrobenzene 
from which on cooling a compound of m. p. 162° was 
•precipitated. (Found: Br= 14*71; S = 46*02. BrC 2 H 4 * 
(SC$ll 4 ) 16 Br requires Br=1393; S = 41*6 per cent.). # ‘ 

(nj To 1 *38*g. sodium, dissolved in 20 c.c. alcohol, 
were added 2*82 ». dithioethylene glycol.* Etl\ylene 
bromide (8*64^g.) was fchfen added^ all at once.* Heat 1 
was developed anp a white mass separated, which was 
filtered, washed with alcohol and then with cold Benzene 

and fintfllv with water. The benzene extract contained • 

• • • 

a considerable quantity of dithian. The .dried residue • 
.•was trqpted with boilirfg benzene. Thef filtrate on cooling 
gave a* product, which shrinks at 122° and mdlts at 130°. 

It *was, however, obtained in too small a quantity to 
admit* of analysis. The benzene-infeoluble mass was taken 
up with boiling nitrobenzene which on cooling’gave a 
white compoqnd. It •shrinks at 145° and melts at 155°. 
(Found: Br«=*9 14, 9 31; S=48‘55; C=37*48; H=6*30. 
^rO a H 4 (SC 8 H;) M Br requires* Br=91 ; S=47'59; C = 

§7*07 ; H=618 per cen>.) This ‘reaction was repeated 
with four times the weights of the reactajits and the 
products separated, aa above. In ane preparation the 
product ’from nitrobenzene had the m. p r *157 — 59°.. 

. 9 * 
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(Found: Br =7*96, * 786 ; S = 49'7,6. * BrC f H 4 (SO;H 4 ) M - 
Br ^ requires Br = 760; S=48 58 p’er cent.) I»' 

another preparation ‘a compound of* m. p. 163° was 
• isolated. (Found :, Br= 5 18 ; § = 51 l 90: BrC 8 H 4 (SC 2 H 4 ) 48 
Br requires Br=5-*21; S^SO’OG pSr cent.) The com- 
pound is, therefore, identical with that of th© same 
m. p., obtained by Meyer’s method. 

Transformation of the Long-chain Sulphides into 1:4- 
JDithian by Jleab.o-- The sulphides were kept melted in a 
te$t-tube at about 10° above their respe6tive m. p.’s for 
a few hours. A. sublimate (long, transparent ’ qeedles) 
was .slowly deputed in the cooler part of the tube. It 
melted at 113° and a mixture of this substance and 1:4- 
dithian did not depress the m. p. ; obviously the product 
is 1 : 4-dithian. 


Summary and Conclusion. 

From the foregoing investigation it is ’evident* that 
t (i) The main product bf interaction of dithiothylene 
glycol and ethylene bromide is 1 : 4-dithian-. 

(ii) V. Meyer’s so-called .“polymer ” of, dithian is a 
mixture of brominated long-chain derivatives, aftiongst 
which the compound’ Br C 2 H 4 (S C 2 H 4 , ) 18 Br is almost always 
formed unde? tho conditions stated aboVe. This appears 
to be 'the first instance of a crystalline organic sulphur 
compound of such high molecular weight as 3068. 

(in) Whenever any of these compounds is kept heated 
for several hours above their m. p.’s, dithian (the main 
product of decomposition) sublimes off and brominated 
compounds are left behind. In fact, it is mot necessary 
to heat them with phenol for this purpose. 
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On the St&bility of Coll6idal ' Solutions. 

Part V. 


The Effect of similarly charged Ipn* as a Factor .in Electrolyte 
Antagonism in the Coagulation of Sols and the 
Mechanism of Stabilisation. 


BY 

Ksjjitish Chandra Sen. 

m 

• In ‘several previous papers (Sfen an5*^VIehrotra, Zeit. 
anorg. Chem., 1925, *142, 315; Sen, J. Phyh Chem ., i9&5* 
29, 517 ; Zeil. anorg. Chem., 1925, 149, 139) the anta* 
jgjonistic effect of ‘electrolytes on the coagulation of sols 
* hasjbeen investigated and some genera* conclusions have 
been reached. • 

Xt should be stated here that in explaining the so- 
called cationic antagbnisip jn t*lie cases studied by him* 
Weiser («£ Uhys.*% Chem., 1921, 28, 232) advanced £he 
view that the antagonistic fiction of two cations is only 
observed. when they have greatly different precipitating 
powers. This mistake was undoubtedly due tf).th*e fact 
.that he never psed suitable mixtures oft univalent cations 
as thqf coagulating ions.. A similar fact was also* simul- 
taneously observed by Mukherjee and .Ghosh * (this 
' Journal, 1921, 1, 213) who suggested that ‘a slight 

adsorption ^ ot* anions would explain the observed* anta- 
gonism of the several pairs of electrolytes. Similarly in 
the case of positively charged sols, the writer has shown 
the existence, of antagonistic effects of suitable jnixture 
df salts. In the present, ^>ape.r tjie earlier experiments 
frith copper ferrbeyanido sol have .been extended .with 
mixtures of Univalent 'cations'as the (joagulating, ions and 
an interesting effect of the influence of dilution of the 
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sol on the antagonistic action of t salt' pairs has' been 
. pointed out. The method of experimentation with the 
sols has been the same' as described in previous papers. 

Table T. 


Sol — Coppec ferrocyanide t Electrolytes — K 2 C 2 0 4 !+-NaCl. 


1 * 

, N/8 K,C,O t 

Nj 2 NaCl reqd, for coagulation! 

Difference. 

taken in o.c. 


4' 

« 

Observed. 

Calculated. 






0 r 

1*35 

/ * 


• . . < f 

C V 2 y 

^ 1-50 

4 

1*246 

0*254 

0*5 

1*55 

1*091 * 

’ 0-459 

0*8 

1*40 

0-885* 

0*515 

1*0 

t 1*30 

0-831 

0*469 

1*5 

0-95 

0*572 

Or 378 

20 

0*60 

0*312 * 

f *• 0*288 

2*6 

i 

. •• 

0 0 

. « 

, , , i. 

r 

t 

Table’ TI. / 

i 

* 

Sol — Copper ferrboyanide : 

Elect roly t'es — Potassium 

i 

A 

<• tartrate-f NaCl. 


r 

Nj 2 Potassium 

Nj 2 NaCl reqd. fcb* coagulation, 4 

Difference , 

, tartrate taken in c.d 



a 

Observed. 

% Calculated. 

4 < 

i . 

i 

c 

l* • 

1 , 

o , 

< 

4-35 

*r 

« 

• 0 2 

4 

1*45 

119 

0*26 

0*5 

4 

1*35 

•' « 0-96 

0*40 

0-8 

1*05 

** r 

* . o-7i 

0*34 

.l-d* 

• ,0-86 ' 

0*55 

0*30 

1*3 . , 

p-60 ' 

*0*31 

♦ 

1 0*19 

1 *7 

# • < 

0*0 

1 

4 

« * * * 

C , , , 


T 
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* Table III.' 


Sol — Copper terrocyauide : Electrolytes — Na 2 C 2 0 4 HrKCl.*’ 


* 1 

N/3 Na.C.O, 

4 • 

| tf/2*20 KOI reqd. for coagulation. 

• • 

Difference. 

taken in c.c. 

* 

• 

Observed. 

• 

• 

Calculated. 

00 

13 

a 

! 


0*5 

• 

1-6 

1 134 

• * 

0*466 • 

1*0 

§ 

1-55 

0-967 * ! 

0*583 


1 1-30 

1 

0-801 j 

0-4£& 

20 

i 

1*10 | 

! 

i 

0-466 

» * » 

2*5 

1 0-80 

0-468 1 

0-332 

3-9 

0-0 

j 

i i 

• 


, These results at first sight migkt indicate that; the 
antagonism is between sodium and potassium ions, but 
thp following * results will show that the antagonistic 
behaviour is really* duetto tfle effect of the anidns (jpf. 
Mukherjee and .@hosh, loc. cit.). * 

*Tabi>e IV. 


Sol * — Copper fort*ocyanide : Electrolytes — Potassium 
> tartrate +KC1 


m 

• 

Nl 2 Potassium* 
tartrate taken in c.c. 

• • 

: 1 

• 

tf/2*02 t KCl reqd. for coagulation. • 

• 

Difference. 

* # 

i 

| 

Observed 

• 

• 

| Calculated 

1 • 

— * — , 


r« 

• i 

i *• 

0t5 

1*3 


f 


• 

* 

j 

0*2 • 

# 1*3 

1-15 

[ 

a 


• 


0*6 

*. l * () 

0-91 

008 

% 

• t 


• 

O-B 

o-fcs 

0 69 

0*06 

• 

• • 

i 

1 

1*0 

. YV<*> 4 

o-Afi i 

# | 


1* • 

» 0 35 » 

0-31 . 

. 0*04 



a t 


* l ■* 

9 * 0*0 

’ * * % : 

... 


# 


* * 

► k 1 

• 
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Table V. 


'Sol — Copper f etrocy anide : Electrolytes— K^O. -4- KC 1 

• I 

4 


N/2 K t C t O* taken 

C • 4 

Nl 2-02 KC1 reqd, for coagalation. 

t 

4 

Difference. 

ih co, « 

» 

Observed. 

' < 

Calculated. 

< 

* 

0*0 

r. 

1*3 

... • 

• . 

01 

16 

1 25 

0* # 26 

,0 ?. . 

' t 

16 

1*20 

0*40 

0*3 

1*65 

116 ' 

0-50 

0-4 

1 63 

1*10 f 

0*53 

0*5 

l 66 

f 

1 *05 

0-60 

% « 

0*6 

i 1*46 

100 

0*46 

0 8 

1 30 j 

0*90 

6-<io * 

1-0' 

* 1 • 15 * 

0-80. 

0-36 

< 

12 

0-9S- 

' 0-70 , . 

f 

0*28 

'l-8 , 

0-56 i 

f 

, t, O' 40 * 

, 0*15 

2 0 

0-40 

! 

4 

o-ao 

O 10* 

2-2' , , 

0*28* ; 

0*20 

0*08 

f 

2-4 

( 

‘ Q* 13 ; 

O*J0 * » 

0*03 

* 

2*6 

« 

* o*> 

i 

< 

*r 

< 

< 

It m$y be observed*’ that the* antagonistic action' is 
slightly more pronounded when the coagulating ions are 
different. This is probably due to<th'e fact that the 
introduction of ’the same ion depresses the idnisation of 
stabilising ‘electrolytes, potassium^ oialate apd tartrate. 

' It seems .probable that the .stabilising effect is due to 
the oxalate and tar£rate ions which is supported by the 
fact that thbse "acids have not' such ^,’ereat effect as the 
corresponding salts, though the effect of hydrogen ion 
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bag also to be remembered. These results thus show 
that the antagonistic effect of some salt pairs is jdue to 
the presence of anions. In a previous jjrfper (tT. Thy 8. 
Chem., 1025, 2)9, 517), it was shown that feirocyanide, 
ferricyanide, oxalate, tartrate, etc., fons have considerable 
.peptisring effect on copper* ferrocy anide * sol and tbe 
difference in the precipitating values of these.salts from 
that of potassium chloride is mainly due to this fact. 
It has no^ r been observed that ihixtures containing 
potassium chloride and either potassium ferroeyanMe or 
oxalate or citrate or potassium tartrate show an Antagonis- 
tic behaviour wjth copper ferrQcyanide sol. ‘Fuftber, 
potassium oxalate has a higher precipitation value than 
potassium tartrate on copper ferrocyanide sol which points 
to^ the fact that the oxalate ion has^t greater effect^ than 
the tartrate ion! Quite parallel to this, potassium oxalate 
aifd pofassiurib chloride mixture shows a much greater 
antagonistic effect than a mixture of potassium 'chloride 
and potassium tartrate! These results, therefore, establish 
the fact # that the presence of similarly charge^ ions can 
produce antagonistic effects in the case of mixtures of 
salts having tlfe sa\ne coagulating. Ion. # » 

In carrying these coagulation # experiments, it has 
been found* that the concentration of $lie sol has a 
great effect on the observed antagonistic action of 
mixtures of electrolytes. It is well known that several 
colloids like arsenious ’sulphide, require higher concentra- 
tions of univalent electrolytes of thp type KC1 tor coagula- 
tion when # * diluted* than when concentrated, and an 
explanation was giijen on the assumption that similarly 
charged' ion has a greater effect on a diluted sol than on 
a concentrated, sol. tf this* he’ the caije, then the antago- 
nistic action of a pair of electrolyte, say. KC1 # and BaCl 8 , 
w0 \lld h e more »pr6nounced on a diluted sol ot arsenious 
.sulphide tljan on a concentrated sol. ^ .The following data 
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show that this anticipfation has beeq realised {cf. Zeit. 


anorg. Chem., 1925, 149 , 139). 

* * 


Table VI. 

Sol — Arsenious sulphide: Electrolytes — KCI + BaCl g 


If/2 KCl taken in c.c. 

r - Difference in the observed and calculated values of 
BaCl s 3f/200 reqd. for coagulation. 


Original sol 3*4 gm. /litre, j 

i} diluted sol 

0*3 

1 

; 0-70 j 

0*86 

0-5 , 

S 0-90 

1*0 

0*8 

! 0-89 

i , 

0*96 

1*0 * 

0-70 

0*80 

1*2 

i 

0-51 

0*64 ^ 

’ 

i. 


As to the mechanism of the stabilising effect of 
the similarly charged ion, it is apparent that the stability 
teaches a maximum p.nd then decreases w ; th the gradual 
addition of the stabilising electrolyte. 

If we assume that for small additions of the stabilis- 
ing electrolyte the preferential adsorption of similarly 
charged ion increases proportionately, then the log curve 
for the arpount of electrolyte addt3d and the difference 
between the observed and the calculated values of the 
coagulating electrolyte which gives/ a measure of the 
stability of the colloid system, should be a straight line. 
This happens to be the case' w, : th such electrolytes as 
FeCla+KOl, Al(NO) s +KCl, < tetc., 5n a positively charged 
sol of ferric hydroxide, as has been pointed out by Ghosh 
and Dhar {J. Phys. Ghent., 1925, 29 , 659) who have also 
shewn some limitations of this reasoning in a later* paper 
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* *. 

( prfvate communication). Unfortunately, however, a cor- 
rect idea of the$e curves cannot be obtained unless. % large* 
number of points are taken on* both sideg\)f the maxi- 
mum. No Suitable experimental data fot this aiD obtain- 
able in the literature, though soihe can *be obtained 
ljy interpolation. For this reason a laVge nrumber of data 
have been obtained with the mixture K 2 C 2 0 4 -1“KC1 
aud given fn Table V. In the following table, c^jata 
on thft coagulation of arsenious sulphide . sol are also 
tabulated. 


Table VII. 


Sol — Arsenious sulphide ■ 

• 

Electrolyses — NaCl-f-CaCl* 

* 

' — - . 

• 

Difference in the obeer?ed and calculated 

A//2 NftOl taken in c«e. 

• values of CaCl, if/200 reqd\ for 

• 

Emulation . • 

» 

• 01 

O - 26 

0 2 

0-40 

08 \ 

0-67 , 

Q* 

0-79 

• 

0*5 

0*86 

0-6 

^*89 

0-7 

0*90 

08 

0*8$ 

0;9 

0*83 

fo 

<5*72 

* 

^ i 

II 

0*66 

»■* . 

0*66 # 


0-4JB 

1-4 

0*39 

* 

• 

1 4 
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The log curves of the results given jn Tables V and' VII 
'are plotted in the following figure. It Will be observed 



Lor* of difference 

• C * 

that the first three paints in the curve for the^ mixture 
KjCjOi-bKCl can be represented by,, a straight line. After 
the maxim um point, however, the relations s:re no longer 
simple owi ng to the fact that ►the’ adsorption of the mme 
charged ion does not ingreage proportionately any more 
with the'addition of the Stabilising electrolyte. On the 
other hand, the adsorption of Che coagulating ion may be 
assumed to be proportional to the amount of the, stahili- 
sing electrolyte at the end’ of the curve,, and consequently 


Log of stabilising electrolyte 


STABILITY OF COLLOIDAL SOLUTIONS *89 

\ y 

the Just few points give an approximate straight line. In 
the case of the jnix£ure NaCl+CaCl, it will be apparent 
that the phenomena is more complicated # and this is 
certainly du§,tq the fact that the preferential adsorption of 
Cl' by arsenious sulphide sol is ne g ver so marked as is 
observed in . the case of say^, adsorption of Fe*" ion by 
ferric hydroxide sol. For this reason it cannot be assumed 
that the increase in the amount of adsorption of* Cl' ions 
by arsenious sulphide is connected with tjie amount of KC1 
added ip such a simple manner as is the case* of adsorption 
of the same charged ions by ferric hydroxide sol as 
1 estimated from the data of Freuifdlich and Wosnessensky. 
( Kolloid Zrii >923, 33, 222 ; • cf. Ghosh and Dhdr, 
loo. oil.). Consequently it seems that in the study *of 
• antagonistic action of electrolytes much importancecan- 
npt be given to , these logarithmic iflterpretatJons of the 
experimental {lata for the reasons given above (cf. Clowes, 
J.%Phys.»('hcm\, 1916, 20, 407) and also because of the 
fast that the so-callpd exponential equations do, not give 
us any rnal Knowledge about the true mechanism of the 
process (Fischer, fra ns* Faraday Soc., 1922, 17, 605). 


Summary. 

■* t 

(1) It has been shown that mixtures of potassium 
Oxalate and potassium chloride, and potass Aim ^artrate and 
potassium ehloride show antagonistic behaviour in the 
coagulafion of copper ferrocyanide sol. Similar pffects are 

also observed with inixtures of potassium chloride and 

• • 

potassium citrate, feVrpcyanide, etc. 

(2) ' It has been Observed that mixtures containing 

v t if* 

the same stabilising ion -hut different univalent ejaculating 
ions show a greater antagonistic behaviour Vh^n mixtures 
containing the same coagulating ion. This may he due to 
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the depression of ionisation of the stabilising electrolyte 
.by the addition of a same ion of the electrolyte. 

(3) , It has been pointed out that the antagonistic 

effect of two*' electrolytes is more prohpuuced with a 
diluted sol than with a concentrated sol of arsenious 
sulphide. A similar effect will probably be obtained with 
other sols which behave in dilution experiments like 
arsenious sulphide. * - 

(4) The mechanism of stabilisation in' presence of 
two electrolytes is briefly discussed. 


Chemistrt Department, 
Allahabad University. 
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The* Action of Organic Compounds on Sodium 
‘ Hydrogen Sulphate 

% i • 

BY 

Horace BarUatj; Dunnicliff ani) SiCHipsv Singh. * 

% 

The. treatment, of trisodivuu hydrogen jlisulpliate or 

sodium sesquisulphate, Na 3 H(S0 4 ) 2 with successive quail- 

* • 

tities of 99* 9a p5r cent, ethyl alcohol has been shown to 

cause ft smalt hut progressive fall in tyairfity in the solid 

residues.* After leaving the salt in contact with separate 

quantities of alcohol for six consecutive days the. acidity 

fell from 18- (id to 17 75 per cent* H 2 S0 4 (total fall ==0^89 

per cent.). The effdrts of Butler and Dunniclift' (J. Ckem. 

Soc., 1920, 117 , 01-9) to make a continuous extraction 

» tv ere unsuccessful. This continuous extraction has now 

beaft carried out under reduced pressure in»a Soxhlet • 

and .bhmping nntirely prevented by bubbling through 

the* alcohol in the flask, a slow stream of specially dried 

•air fly means of a capillary tube. The pressure *was st> • 

adjusted that thf* alcohol boiled at 4-5°C. Extractions 

were parried out from hours daily and the sMt was 

allowed »to remain u»der alcohol overflight. 

• <•# 

Acidity on sviccessive days in ether dried samples : . 

■ 18-66.; 18-64; 18-6*1; 18-59; 18*06 ; lSpl ; 18-50 ; 

18-47*; 18-48J( H 2 SO , (total fall after nine 'days, 0*18^ 

ttiS0 4 ). • 

'Crystalline Na 3 H(S© 4 ) 2 , obtained by the fractional 

crystallisation of a solution of soSiunf hydrogen sulphate 

in water, is also unattacked by alcohol or ether and it 
% • 
has been shown ( loc . c,it.) that the sesquisulphate is a 

definite compound anti "not* a mixture of the no¥mal and 

hydrogen sulphate. * » . 

The corresponding hydrogen*sulphatd of ammonium, 

(NH^ a H(S0*) s behaves in aVimilar *manndr (Bunnicliff, 

J. Chen i Soc ., 192&, 12,8, 476). 
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These results demonstrate the remjirk/ble stability 
of the sesquisulphates of sodium ‘ and ammonium to 
alcohol, a property wljiich has been utilised in developing^ 
an analytical method (Duuniclitf, ibid, 1923, 123, 731). 

The faQt that, * while ordinary (jry Sodium hydrogen 
sulphate is unattacked by ether, two-thirds of its 
sulphuric acid is extracted by alcohol, suggests a formula 
for the dry solid salt, at least three tirpes the empirical 
formula, i.e., (NaHSO.j) 8 . The formula should show that 
the sulphurifc acicf extractable by alcohol is ill a different 
state of combination from that which ds not. 

The hydrogen sulphates may be divided into .throe 
classes : — . 


(a) Those from which the whole of the sulphuric 
acid is extracted by ether-alcohol or ether,* 
lithium (silver, barium, strontium, etc.). , 
v 6) Those in which, two-thirds of the sulphuric 
acid is extracted by alcohol but, which are 
not 1 attacked bV ether : Sodium, ammonium, 
(c) Those which are not attacked by ether-alcohol 
. or ether : potassium', rubidium, caesium. 

In order to distinguish between these three stales of 
, combination, the following formulae are proposed. 


Class (a). 


( «o> so * > 


HO 


RO / HO 

or as a co-orcUnation compound 


>feo.. 


[ 


RO 


o>S< 


OH 


RO' ~ 'OH 




and .would include compounds of classes (b) .and ( c ) when 
associated with more sulphuric acid 

1 


Class (£) 


R °\ ti / 0 ' °P / 0 V 0 / OH, 
RO*/ > 0 / 1 No / X oh 

nu l _ . < . 
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Tlie sulphuric acid extractable by alcohol is shown in 
plotted area. Arf asymmetric formula is proposed becyause 
the extraction of the solid salt appears ty * take* place 
without solution. The ..formula of the sdsqui salt would" 
then become 


O O • 

HO II o I' OK 
. k6 >s< o >s < oh 


not R,gD 4i RH80 4 a formula which would imply that the 
^RHS() 4 f)art of the.molecule could be attacked by alcohol 
Jio which R s H(» s 'O i > 2 is inert. % The formation* of the 
sesquisulphatc from a symmetrical formula would *iYeoes» 
sitate either solution or intramolecular change and neither 
of these suggestions appears to be feasible. 

* Class (e). — The ordinary formula is suggested 


RO 

HO 


>SO*, 


» * 

# (Lo*vry, Inorganic •Chemistry*, 1923, pp. 160 and 363). . 

Hence r , the stability of the hydrogen sulphates to 
alcohol and* ether Increases* progressively with increase in 
the atomic weight of the alkali metal in the salt. It is , 
interesting to note th at compounds of classes (o % ) and 
are deliquescent at ordinary humiditjeA while those of 
class * (c) and the sesquisulpffates of.sodidm and 
•ammonium are not. Since sulphuric acid is hygroscopic 
it tsvggests that this property \n acid sulphates rcav be* 
associated tfith a sulphur atom combined with two 
hydroxy groups a? shown in the formulae proposed. A 
remarkable ^ature of these results is the stjdden mtfnner 
in which this property .changes. # 

The ’ amorphous fo?m of sodium sesquisulphate 
•obtained by the* action T>f alcohol on sodium tfydjrogen 
sulphate dlUs chemical properties identical ’ prjth those 
exhibited , by thte ‘crystalline variety of , the same 
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compound obtained by the fractional crystallisation df an 

• aqueous solution of sodium hydrogen sulphate. ( 

It is contended that* sodium hydrogen sulphate cannot 
be desoribed ass “.soluble” in t alcohol' .’sihce it has not 
been found possible • to obtain any alcoholic extract of 
sodium hydrogen sulphate ki which sodium sulphate and 
sulphuric acid are present in stoichiometric proportions. 

• Alcohol does not dissolve sodium hydrogen sulphate— it 

decomposes it. • * 

.Hydrogen sulphates of sodium formed ' from' sodiuip, 
sulphate, and sulphuric acid, and containing mo?.e than 
40v33 per cent, of sulphuric acid, are acted on by ether 
yielding the hydrogen sulphate having t]he empirical 
formula, NaHS0 4 . 

A systematic examination of the system NajSO*- * 
' H a SP0 4 -C 8 H a O has recently been carried Cut by Dunmcliff 

I * r 

and his co-workers. The equilibrium been studied 
(a) by. the action of alcohol, on sodium hydrogen sulphate 
' and (ft) 'by the action of alcdholic- sulphuric acids’ on ' 
sodium hydrogen sulphate and, while periments on the 

< <f * I 

limited range attackable by method *( a ) have presented 
‘ no great difficulty, those carried out Iry method (ti) have 
been corhplicated by the peptisation the solid phase 
and sometimes the e'ntyre contents oi the tube solidified * 
into a firm jelly. By a physico-chemical rpethod it has 
.been shown that the solid phases in contact with alcoholic 
sulphuric acids having c&ncentrations between 20 anil *40 
per cent. H 2 80 4 ha've an acidity of about 4l£ , corres- 
ponding with sodium ‘ hydrogen sulphate, NaHS0 4 . 

In view o*c the statement that ordiilary sodium 
hydrogen* sulphate is stable to'cojntmuous extraction with 
ether, the results in Tables V «and VI (* T . Chrm. Soc ., 
1920, ‘If 7, 6{>8, 669) ‘obtained by the extraction of the 

“mush” ‘with* ether* show *that the extractability of 

% * 

sulphuric ac^d from sodium hydrogen sulphate jpy ether 
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• $ * * 
depends upon the physical state of the substance. Thus, in 

tSie gelatinous statp, in which a large, surface is exposed to 
the liquid, ether slowly extracts sulphuric acid*while m the 
powdered state the ajnouilt of sulphuric acid removed is 
negligible over, the same interval of time (maximum time 
investigated =3 weeks’ extraction in each case). 

It has been found that many other organic compounds 
extract sulphuric acid from sodium hydrogen sulphate’. 
Experiment wi0i methyl, ethyl, »-propyl, ‘iso-propyl, 
bntyl, primary itfo-butyl and i#o-amyl alcohols show that 
the weight of alcohol required to reduce the acidity of a 
given weight of sodium hydrogen sulphate to about 18 ,! f0 * 
per cent, increases with the weight of the alkyl group • 
injcombination with the hydroxyl. 

• Tajile I shows^ this relationship and* it is reiparkable 
that up to the butyl alcohols *the molecular proportions 
of alqohc/i to hydrogen sulphate are about ^tlie same 
throughout. 


Ta^le I. 

f * 

Action of Aliphatic Saturated Alcohols on Sodium 
* * • » 

. ^ Hydrogen Sulphate. 


• 

t 

• 

B. p. at 
790 rum 

Wt. of alcohol 

Approx. molec. 
proportions of 

• 

# Acidity of 
residue after 

• 

(Lahore). 

Wt. of NaHSO, 

C s H 6 0 to 
NaHSO* * 

ettuft* 

extraction. 





• 

• 

CH,OH 

. I 

68-5 

3-5 

• 

8 18*1:1 

• 

. IS *72 

C.H.OH 

78' 1 

• t 5 * 5 

14-4: 1 

IS 60 

. C,H a OH(n) 

* 

• 95-5 

. 7-4 

14. S: I • 

f 

18-68 

C,H,OR(i») ... 

• * ! 

• # 806 

# • 

15 2:1 

l«-67 

t\H,OH(n) ... ! 

• i 

>16 0 

. 

•9 '4 

14-6:1 i 

18-79 

• • 

C 4 H„OH(»e<>- > 

1090 

9 1 

146:1* 

. 18-69* 

primary)* • J 

• I 

• ■ 
t 

• • 

C.H^OH&o- 

129-6 * 

26- 1 

35-4:1 

. 18-68 

butyl carbinolj). j 

• 

# 

• 1 

• » 

» 
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• ‘ « 
Benzyl alcohol alone extracts acid from the salt but 

eqtiai parts of benzyl .alcohol and ether <cause a very small 

fall in acidity. 

« 1 r ' t 

Ethyl aceto-acetate extracts acid slowly. 

Borneol dissolved in ether extracted some acid from 
the salt. ' 

The hydroxy compounds, phenol, hydroquinone, 
fesorcinol, dissolved in ether, were without qction on 
sodium hydrogen sulphate. 

• Aqfion of Ketones. 

'Acetone , b. p. 55*8°C. 

« Acetone: NaHS0 4 :: 7:3. Residual acidity of 

solid 27 ’44 — 27 '£8% . The residue waS treated with more 

acetone ^ residuah acidity 18*62^ . Acetone: NaH!j}0 4 ::. 

10: X Residual acidity of solid, 18*61 — 18*68£.. The 

liquid phase changed colour on standing and, after three' 

. weeks,, was dark brown anti viscous* owing to secopdar^ 

changes between tile extracted sulphuric acid and the 

acetone. * • 

Methyl ethyl ketone , b. p. 79‘5°C. < 

Ketope : NaHS6j : : 7:1; time o$ interaction 20 hours. 

Acidity of residue, 35 ‘3 3 per ce,nt. 

• * | 
Ketone ^residue : *. 5 : 1 ; further treatment overnight. ' 

Acidity of residue, 20*36 per cent. 

Two* further extractions gave 19*90 and 18*64 per * 
cent, respectively. . 

Acbtophenone t bi p. 199 — 200°C. , 

*Ketone : jNTaHS0 4 :: 11 : 1 (interaction 2ty hours). 
Acidity of residue, 35*33, per gent. 

Benzophenone , m. j>. 47'6°C. t 

ketone : NaH80 4 : : 7*3 parts to 10 parts : 1. 

The. ^ketone wap dissolved in a weight of aether about 
14 to 15 times the weight of sodidm < hydrogen sulphate 
taken. Fdll in acidity 'negligible! f 
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Similar experiments performed bn benzoquinone and 
camphor dissolved in excess of ether gave a negligible 
fall in acidity. * 

Pyridine and* quinoline combine with* the hydrogen 
sulphate to form gelatinous substances.* * 

It is , observed that, for au extraction by ketones, 
CH s CO.X to a corresponding degree, the greater tlje 

. v .. i * . weight of ketone 

group X v the larger the ratio — T-r— * u j l L , 

° r * J 3 weight of hydrogpn sulphate 


becomes. • 

. Hence though, for a given alcohol or ketone, the 
amount of decomposition is dependent on the varihtiohs* 
the above ratio, it is clear that for different alcohols and, 
ketones, the solid* phase developed in contact with a 
^Iven organic liquid is dependent on ^ome factor other 
than the concentration of the acid in the organic liquid. 

* From, the above results it appears that compounds 
which contain a prinyiry or seoondary alcoholic? group or. 
ketones in whiqh therfe is* one methyl, group interact with 
sodium hydrogen sulphate, apd extract sulphuric acid. 

An 'interesting pbint arises. Since alcohol reacts with 
sodium hydrogen siflphate, can 4 ’act catalytically ? 
Thus : a small quantity of alcohol is dissolved in a con- 
siderable quantity of elher. Sodium hydrogefi sulphate 
is treated with such a Quantity of the mixture, that 
if frds of the sulphuric acid were extracted fjom the 
bydrQgen sulphate presented to, it, the solution* would 
still have » concentration of sulphuric acid witlyn the 
limits of the , concentration of sulphuric acid in alcohol 
which are in equilibrium .with the intermediate sulphate 
JJa 3 H(S0 4 ) v . ’This would jug'gest that the sulphuric acid 
ig» extracted by $he alcbhol \Hydh then . hands it.over t(f 
the ether, thjs process being continued unti^ the concen- 
tration of the sulphjirie acid in the mixed solvents passes 
beyond ijhe limits of *the existence of # the intermediate 
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< f ) 

sulphate. (This was not possible owin^ to the amount 

of alcohol-ether mixture used.) Experiments give no 

support to thfc theory in the case t>f either alcohol or 

acetone. 'the amount of acid extracted decreases as 

the concentration M alcohol or acetbne diminishes. This 

decrease in extraction \yas also observed in the case of 

benzyl alcohol. 

• * 

Table II. 

* t c 

f 

Action of "Mixtures of Ethyl Alcohol and Ether on 
Sodium Hydrogen Sulphate. 


t ‘ • j 

Wt. of alcohol. | 

Wt. of ether. 

Wt. of 1 mix tore used 
per g. of sodium 
hydrogen s u 1 p hate. 

Acid t x true table 
0*272 g. Acid act- 
ually extracted 

Acidity of solid 
residue 
% H.SO, . 

* 

•. 4-78 

o- 1767 

I 

27-90 

( 

1 : 9’ 10 

1 


0 1729 

\ .28*43 

1: 18 *2 ^ 

7-60 

• 

0- 097*2 

" 34 42 

a 

1 : ?6 4 

c 

67 7 # 

1 > • 0826 

* 

3**50 ( 


• • 

Table III. 

€ C r 

f » 

Action of Mixtures of Acetone and Ether on Sodium 
. ‘ Hydrogen Sulphate. 


4 

Wt. of acetone* 

Wt. of ether. 

< 

* » 

Wt. of mixture used 
per g. of sodium 
hydrogen sul- 
* phate. 

i 

< j 

Acid extractable ; 
0*272 g. Acid act- 
* ually extracted. ! 

* I 

t 

Acidity a 4 ' solid 
residue 
%£!,SC) 4 . 

l:l 

1 10 

i 

. 0-0860 ! 

4 ' 

35-80 

1-2:1 * 

i i 

! 11 

. 0-0966 * ! 

34-47 

1-4:1 

j 12 1 

* p . i 

0-1739 , | 

28-34 

< 

1 ' 6 . :1 

iu « 

. *; 

* 0-1740 * 

. 

28-33 

1*8:1 r 

4 o 

< 

• u 

f) 

0-1760 £ 

1 28-16 

2 -o:i' 

9 

' 16 1 

< 0- t l764 

* * 

,28-23 

* . 
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* 1 
• The last tliree results are roughly of the order of the 

residual acidity when 7 parts of pure acetone react wifcb’ 

1 of NaHSO*. * 

The frequency with which solids .having acidities of 
about 35 and 28 per cent, acidity are* developed is 
remarkable. 

It is suggested that the reaction is due to the ionisa- 
tion of the alcdkol or the ‘ enol ’ form developed or present 
in sach ketones as react and whicknare limited to these 
containing 'the jCH,CO group. The action of th$ ether 
appe&rs to decrease the ionisation of alcohols and the 
“e’nolisation” of ketones since the specific conductivities 
of alcoho^ and * acetone are progressively decreased by 
increasing quantities of ether. The determinations given 
in Tables IV and VI were made on the material actually 
used in the experiments on sodium hydrogeif sulphate. ’ 

• It ‘will be* observed that, though the specific conduct- 
ivity of acetone, is greater than tfyat of alcohol, its 
ability to extract* sulphuric acijl from sodiurfi hydrogen 
sulphate is muqh smaller. 

# * 

Specific Conductivities of Mixtures of two Organic . 

Liquid^. 

Table IV. • 

. Alcohol and Acetone. 


Percentage of acetone in tjic 

• 

mixture. 

m. ~ 

• 


► Specific conductivities. 


0 

i 

20 

t 40 

* «0 


2*29xlO~* mhos 
3 06 x* KV' „ 

3 • 73 x 10” * * 

4 -35 x 10“ " 

5 04 xllT* „ 

5-28x10-* „ 




80 

100 , 
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• ‘-Table V. 

Alcohol and Ether. 


■— 

Percentage of aldohol in the 
rmixfcure. * ( 

Specific conductivities. 

i 

% ■ 

# 


100 

f i 

22*9x10” 7 mhos 

80 

14-3x10' 7 „ 

r 60 

12*3 x 10* 7 „ 

* 

40 

1 4 

6-6 x 10' 7 ( „ 

20 * 

0-86x10' 7 s, 

0 

c 

i 

019x10' 7 „ 


v f able VI. 
Acetone and Ether. 


Percentage of acetone i.i tfte 
mixture. 

Specific conductivities. 

100 

< 

1 4 

! 52-8* 10 -J mhos < * 

. 80 

| , t 31 ;s'x 10" 7 „ 

60 

15 6x.fO ; 

’ 40 

i • 1 , 

3 8^10*’ „ 

20 

o-ai* io-; „ 

m 

o 

i_ 

i 

> 

! 

019xl0*' 7 „ 

So far, the. attempts 

"" r * « 

to find^an adequate chemical 


interpretation (intermediate compound formation) or, 
physico-chemical explanation of tb,ese results have been 
unsuccessful. . 

The authors desire- to thank Dr. t Mata Prasad for his 
help ift the determination of the specific conductivities 
of the mixqd liquids. 
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The Use of Leucotrope. As a 
Benzylating Agent. 

By 

Hla Baw. 

• 

Ledcotro’pe (phenylbenzyldimethyl ammonium .chlo- 
ride) ‘ has been used for somp time commercially as a 
benzylating agent (of. D. R. P., 184S81 and *281643). 
Tschugaeff* and Chlopin ( Ber ., 1914, 47, 1272) used it for 
the preparatioa of dibenzvl telluride. In the present 
paper an account is given of its application to the ben- 
z’ylation of pfienols and also of a similar application o*f 
p&ra-. and thet a-nitroleucotropes ; the nitroleucotropes 
have already been applied in the productioft of the nitro- 
benzyl ethers of cellulbse (Peacock, Indian Patent , Appn. 
No. 1164,8 of 19^5). , , * 

"Leucotrope fyas prepared by Michler and Grad- 
mann ( Ber., "187*7, 10, 2079) by "the direct combination 
of dimethyl aniline and benzyl chloride. • jt?-^Jitrobenzyl- 
-phenyldimethyl ammonium chloride was "prepared in a 
similar way from p-ilitrobenzyl chloride by Tfedekind 
\Annalen, 1899, 307, 2S7). # * 

/ ^-Nitrobenzvl ch/oride combines with dimethyl ani- 
line more readily than the para compound’ (cf^ Peacock, 
J. Chem . Soc., 1925, 127, 2179), and gives w-nitroben- 
zylphenylclimethyl Ammonium chloride. 

In ‘the* "earlier experiments the phenol w&s dissolved 
in aqueous caustic jsoda Solution but it was .later found 
•that tips was unnecessary and tlfat benzylation proceeds 
quite smoothly, ir> the presence* of sodiu&i carbonate. 
The jbenzylation of the nitrophenols proceeds much. less 
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, readily than does that of phenol. ‘3alicylic acid was 
Recovered unchanged from an attempt at fyfenzylation. 

Phenylbenzyl ether, was first prepared by Sintenin 
( Annalen J 1867, 143, 81). The ortho- apd p*ra-nitrophe- 
nyl benzyl ethers and the ortho- and para-nitrobenzylphe- 
nyl ethers were prepared by Kutnp ( Annalen , 1884, '224, • 
104). by th© action of the corresponding tyenzyl chloride 
upon the potassium salt of the corresponding phenol in 
alcoholic solution. Staedel {Annalen, 1883, 2'17 , 44) in a 
similar way prepared the benzyl ethers of the cresols and of 
a- and /S-nRphthols. Sintenin ( Annalen , 1872, 161, 345) 
obtained a chlorophenylbenzyl ether of,m. p. 70-71°, by 
the. chlorination of phenylbenzyl ether in the presence of 
mercuric oxide. He did not determine the constitution 
of th\s compound: « I find that the melting point o,f 
p-chlor phenylbenzyl ether is .71°. Sintenin’s compound 
therefore, is the para isomeride. The o-, m- and p-chlor- 

t / 

phepylbenzyl ethers and the ‘2: 4-dichlorphenylbenzyl 
ether seem to be new substances. 

f 

t < 

Experimental. 

« 

t i 

* Phenylbehzy.ldi methyl ammonium chlcfride, p-nitro- 
benzylphepyldimethyl’ apimonium chloride arid wi-nitro- 
benzylphenyldimethyl ammonium chloride were prepared 
in, the usual manner. rw-Nitrobenzylphenyl dimethyl- 1 
ammoniuip .chloride is*new;*m. p. ‘144°. (Fojand: Cl = 
12*93. Ci5H 17 N 2 0 2 Cl requires 01 = 1213 per cent:) 

The t general method employed for'benzylatjon can be 
illustrated by tw6 examples. 

a -Naphthyl bencyl ether . 

, * 

* # 

a-Naphthor(7**3 g.)and ben^ylphenyldimethy 1 ! aramo- 
■ nium chloride (6 * 15 g.) in sodium ‘carbonate solutihn 
(7 g.‘ in 100 c/ 3 .) were heated under a .reflux condtmser 
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for 4* hours. TPhe •mixture having been extracted with 
benzene, the extract was washed with t caustic sad^ to 
remove naphthol* and then with hydrochloric? acid *(1 :1) 
to remove diihethylanilipe. The extract Was theft dried 
over calcium chloride: after removal *of the benzene the 
residue solidified to a mass of* brownish crystals which 
when crystallized from alcohol formed colourless crystals, 
m. g. 74 , 5°-76°* I$raun and Reich ( Annalen , 1925, 445„ 
233) givb the m. p. 61°. The yield of *c’ruda substance 
was 5 g. (Found : Q=86-94 ; H=6 • 72. C„H ]4 0 requires 
Q*=87’l2; H=5-98 per cent.) ^he molecular *Aveight 
determined by the depression of thq freezing poirffwas, 
240; calculated 234. Staedel ( loc . cit.) obtained this com- 1 
pound as an oil. 


Phenyl ^-nitrobqnzyl ether. 

* * . ' 

Phenol • (4 7 g.) and p-nitrobenzyl phenyldiraqthyl 
ammonium chloride (14-6.^.) were mixed with excess of’ 
caustic soda (15*c.cr»of 4JV" caustic soda diluted to 50 c.a., 
and thq mixture wa?i heated under a reflux condenser for 
four houns. The . mixture having bqen extracted with 
benzene whs washed with caustic soda to remove un- 
changed phenol* then with hydrochloric acid (1 : 1) and 
finally with water. The benzene extract was then dried 
OAfer. calcium chloride. After removal of the benzene 
the Residue, which was solid, Avas crj^taUized from alcohol ; 
m. p. *9l°. &ump (loc. cit.) gives m. p.’91°. 

Phenylbcnzyl ether prepared in a Similar manner had 
the m. p. 39°. • Sintenin.(/oc. cit.) gives m. p.»3S° — 39°. 

Benzyl-o-cre§yl ethef, *Jb. p. 284 c ; Staedel (loc. cit.) 
gives b. p. ’ 285°- 290°. Benzyl-w-cresyl ether, m. p. 43°; , 
St*ae,del (loc. cit.) gives m? p. 43°.* Bei*zyl-£-cresyl * ether, 
m. p. 40°: Staedel (lod. t cit.) ^ives n* p. 4f\ Behzyl-^- 
naphthyl pettier m. p. 91^-100°, Staedel (loc. cit.) gives , 
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m. p. 99°. BenzyU'a-chlorophenyl * ether , m. p. * 296°. 
(Found : 01=16*06; C 13 H n OCl requires 01-16 *24 per 
cent.)* Behfyl-m-chlorophenyl ether , colourless crystals 
from alcohol, ‘m. p. 69°. (Foupd: 01 =*10 *6 per cent.) 
Benzyl-\i-c%lorophehyl ether , colourless crystals from 
alcohol ; m. p.71°. ‘(Found: 01=16*59). Benzyl -2 : 4t-dichlo - 
rophenyl ether , colourless crystals from alcohol ; m. p. 60°. 
(found: 01 = 27*85. C 1S H 10 OC1, requires Cl = 27 *78 .per 
cent.) p-Nitrobenzylphenyl ether, m. <p. 91°*, Kump 
(foe. ctf.) gives m. p. 91°. Benzyl-#, -nitrdphetfyl ether, 
m. p. 106° (the yield was very small) ; Kump (Iqc. cit .) 
.gives m. p. 106°. 

r « 

Further experiments are in progress with other 
hydroxy substances, including celluloses, and with amines. 

I wish to thank Professor D. H. Peacock for suggest- 
ing this vfork and for advice during its progress. 


The Chemistry Department, % 

, University College, 

Rangoon. * , * 

Afceivecl, December 26, 1926. 



Condensation of o- Hydroxy Aromatic *Alde- 
. hyd'es with “-Cyanacetophenone. 


BY 

* Subkmal Chandra Ghosal. 

The work that is described in this paper was. under- 
taken in the.expeclation of obtaining pyrilium derivatives 
containing the cyano group. For instance, Balicylalde- 
hyde, w-cyanacetophenone and hydrochloric acid might 

react thus : — 

* 





CO-t*h 

I 

CHfC/l 


HCJ '‘c Ph 


U 


It 

CN 


(compare Decker and Fellenburg, JBer., 1*907, 40 , 3815*; 
Perkin, Ro&inson and Turner, J. Chem. Soc., J908, 93, 
1085 ; Robinson and collaborators, J. Chem. Sog., 1922, 
i$l, 1577 and subsequent papers). In *no case did the 

reaction give the expected product. * • 

• » . • 

The reaction between an o-hydroxybenzaldahyde and 
o>-cyanacetp}phenone gives a benzoyl coumarin : • when 
salicylaldehyde is used tlje product is identical with the 
3-benzoylcoqmarin pre'pared by Knoevenagel and Arndt. 
(Ber., 1904, 87; 4497> 

The formation Of the tsoumari? derivatives is probab- 
ly to bd attributed the interaction of the more reactive 
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cyano group with the ‘phenolic hydroxy group according 
\ to the following scheme : — 


a 


OH CN 

♦ I ~ 

CHO CHj-CO-Ph 


a 


OH 


Ch 


-i r Q 




C-COPh 


oa^hui 

CH _ . CH 


O 


C CO -Ph 
'/ 

CH 


As it frequently happens in condensation of this type that 
an intermediate imino compound is formed (Lapworth, 
J. Chem. Soc., 1925, 127, 562), it appeared a matter of 
interest to examine whether by conducting the experiment 
in an anhydrous medium, so as to prevent the premature . 
decpnjposition of the cyano group, the intermediate imino 

f • < 

phase could be isolated. Experiments made in this 
direction, however, were unsuccessful. 


Experimental. 

. 3-j Benzoyleoumarin.' 

. • . * * . 

t i 

^alicylaldehyde (3 g.) and cj-cyanacetophenone (4 g.) 
were dissolved in glacial acetic acid (30 c.c.). . Dry 
•hydrochloric acid was .passed through the solution ‘cooled 
to 0° for nearly four hours. The mixture was left over- 
night in a well-corked flask. Next niorning * the reddish 
brown contents were poured into .a large excess of Water 
and the' solution was filtered from resinous matter. Thfc* 
filtrate on* keeping deposited the • condensation product 
in beautiful glistening needles. A further quantity 
was recovered from the resinous matter by treatment 
with dilute alcohol. The yield was 60 per cbnt. of the 
theoretical. When recrystallisbd .from alcohol, it melted 
at 138° and was found to be identical with the 3-benzoyl- 
coumarin described by Kno'evenagel and Arndt ,(loc. cit.): 
(Found : C**76-6; H *-*4 -00. *O 16 Hi 0 O 3 requires C = 76* 8 ; 
H==4.-00 per cent.) 
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The phenylhydrazoue , prepared in the usual manner, 

'separated from \ alcohol as a yellow ’crystalline tnass 
and melted at. 95 -100° with decomposition. (Found: 
N*=8*27. C^H^OJ^, requires N = 8-23 per cant.) 


Q-NitroS-benzoylcoumurin. 

• 3-Benzoylcoumarin (2 g.) was dissolved in concentrated 
sulphuric acid* (20 c.c.). The solution was cooled to 
0°, and # treated wfth 60 c.c. of a mixture of 1 part of 
strong* nitric acid and 3 parts ol v concentrated sulphuric 
acid. At the end of half an hour the product was pourecf 
on crushed icti and the precipitated mass collected. 
m It was purified by recrystallisation from glacial acetic 
. acid. It melted ( at 200° and was identified , by direct » 
comparison with a specimen synthesised for the purpose 
(see* bolop r ). ‘(Found: N*=491. C^HoC^ requires 
N=£*74 per cent.) • 

The position of, the nitro group in’ the product descyb- 
od above was established • by condensing a>-cya*naceto- 
phenofie (4 gins.) with 5-nitro-salicylaldehyde (4'5 gms.) 
in the usual manner. The product separated ‘from a. 
mixture of alcohol and acetone in pa?e yellow needles 
"melting at 200 c . 

t 


8 -3tethyh$-benzoy1cbumai'in. 

<«, o 

err 

CO. Prt 

. ’CH , 

, • » 

• The reactiop with o-l\omosalicylaldehyde w r as brought 

about exactly as in th^ case *of salicylaldehycfe. *The 

product crystallised from dilute acetone in whit* feathery 

needlds. It melted* at *126°. (Found : C=77T^ H«=4*5. 

Cj 7 H 18 0 3 requires C = 772; H*=45,*per bent.) The 

• • 
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pheny Ihydrazone separated from afcohol as a yellow 
crystalline mass decomposing between 10/i° and 110°. 


r * 

t 

Q-MetJiyl-3-bensoylcoum%rin. 


CM 


.cor. 


^CCOPh 


CH 


It was prepared in the usual way from n-homosalicyl- 
aldehyde (4 g.) and cu-cyanacetophehone (4 g.V The 
coumarin separated from alcohol in white needles and 
meited' at 174°. (Found: C*= 77-00; H=4'5. C, 7 H, 2 0 3 
requires C= 77 2 ; H= 4- 5 per cent.) 


7 -Methyl-3-benzoylcouinarm. 


o 



co 

CCt/Ph 


CH 


7-Methyl-3-benzoylcoumarin was prepared in the 
usual way from w-homosalicyialdehyde (4 g.) and 
' <u-cyanace‘tophenone (4 g.). The coumarin separated 
from alcohol in white needles and melted at. 142°. 
(Found : C=7701 ; H=4'48. G 17 H 12 0 3 requires 0 = 772; 
H*=4*5 per cunt.) 

The pheny Ihy dr as one separated from alcohol in yellow 
crystalline mass decomposing between 115° and«120°. 


‘ ’7 -Hydroxy-Z-benzoylcoumarin . 1 

o . • 

VVc-coph 

CH 

"S 

The yield of the condensation product using resor- 
cylaldehyde was unsatisfactory and only a small quantity 
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of it was obtainable after repeated treatment of the 
resinous product with dilute alcohol. It crystallised from , 
alcohol in white' needles ; m. p. 24L°. (Found: C==71’96; 
H=3‘7l. CirfHioO* requires C=7218 u ; Hf= 3'75 per cent.) 

The acetyl derivative was prepared by* boiling the 
coumarin with acetic anhydride and sodium, acetate in the 
usual way. It separated from alcohol in needle-shaped 
crystals melting at 172°. (Found: C *= 69*98 H= 3*82. 
O u Hi,0 # requires C = 70T2 ; H=3*89 per cent.) 


3- Benzoyl- f$-naphlhapy rone. 



* 

* The cbndensation with 1 : JJ-naphtholaldehyde took place 
readily. Tim product, Mght yellow ^needles, on recrystalli* 
sation from glacytl acetic acid melted at 2 S 5° and evident- 
ly consisted of the 3-benzoyl-£-naphthapyrone 'described 
by Kurt Bartsh (ZV?r., 1903, 36 , 1974). (Found: C = 79*7 ;* 
H = 3 99. C»HI,O s requires C = 80 00 ; t H^iD'per cent.) 

¥ y best thankfe are due to I’rirfcipal H. E. Stapleton 
and*Prof. R. N. Sen foi* their kind interest’in the work. 


Received* X ovcn^cr 9, 1925. 

fcfTEMrcii, Laboratory, 

♦ 

Presidency College, f C ah utt a. 



Complex Iodates of Tin and Antimony. 


BY 

PRIYADARANJAN RAY AND SOURINDRA NaTH RaY. 

No iodates of tin and antimony hare yet been 
described. The present investigation was therefore 
undertaken with a view to prepare the iodates of these 
metals and study their properties. 

- By the action of a nitric acid solution of iodic acid 
on penta-hydrated stannic chloride stanni-iodic acid (I) 
or dirhydroxy-tetra-iodato stannic acid (II) was obt.ain3d 
according to the proportions of iodic acid used. When 
stanni-chlorides of the alkali metals were substituted for 
the hydrated stannic chloride, compounds of the type 
(IV, salts corresponding to I) were invariably obtained. 
With sodium iodate stannic chlo.iue gave tetra hydroxy- 
,di-iodato stannic acid (III) ; while potassium iodate and 
potassium stannichlori^e gave a double compound (V) 
of hexa-iodato 'potassium stannate with moijo-hydroxy- 
penta-iodato potassium stannate. 

A 

[ Sii(I0 3 ) fl >H, ; [ (HO),8n(IO,) 4 ]H, 

I 4 . II 

[ (HO) 4 Sn(IO,) 2 ]H 2 ; [ Sn(IO s ) 6 ]M, , 

III IV 

- Na, Cs oi* NH 4 ) 

K 2 [Sn(I0 3 ) 6 l.K 2 [(HO)Sn(I0 3 )» ] 

By the calcination of (I) a substance was obtained 
corresponding to the empirical formula,, Sn 14 0 21 I,. This 
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substance is characterised by its extreme stability and 
' its insolubility any solvent. 

Iodic acid and chloro-antimonic a&d give a 
compound oi *the # composition [(HO) 8 Sb(JO#)JH, tri- 
hydroxy tri-iodato antimonic acid. ' 

. Considering the analogy between H 2 SnCl 6 and 
H 2 PtCl 8 and bgtween their products ef hydrolysis, and 
recalling the resemblance of stannic acid and stannates 
with H^Pt(OH) e and its salts, the cozftititution of these 
.iodates may be represented according to the above scheme 
•(cf. Werner and Pfeiffer, Zeit. % anorg. Chem ., *1898, 17, 
182; Pfeiffer, Ber., 1905, 38 , , 2466; Bellubi* fend 

Parravano, Atti. JR. Accad. Lined, 1904, (v), 13 (*£), 307, 
ji24 ; ibid, 1905, (v), 14 (/), 457 ; Zeit. anorg. Chem., 1905, 
*45 K 142). 


Experimental. 

JDi-hyd )'0 r ij-t&trd-iodato Stannic Acid (II)! 

• • • 

The cempouAd was obtained in a granular form by 

adding^to a slight excess of iodic acid dissolved in dilute 

nitric acid (concentrated acid of sp: gr. 1*4 dijutefl with 

an equal volpme of. water) a calculated ‘amount of a 

solutjbn of pentahydrated stannic chloride crystals in 

• va,ter acidified with a drop of strong hydrochloric acid 
ai»d. evaporating the clear liquid on the water-bath.* 
Thd mixtute was then cooled* and the substance was 
washed t&ree times by decantation with dilute nitric acid 
(10 c.c. concentrated acid per 100 c.c. watey), filtered and 
washed several times* oq. the tunnel with Jhe same 
•liquid. The substance ^vas then dried in vacuum over 

• sulphuric acid. * 

Pouftd* (sample dried overnight) : Sn « 13*54 ; HIO ; 

= 7 & 00 .* 

. 7 
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Found (Sample dried for several 'days) : Sn = 1V12 ; 
SIO f = 81*45. Sn(I0 8 ) 4 . 2H a O or B^[Sn(OH) 2 (IOs) 4 ] • 

requires SnV» 13*92 ; ti[I0 3 =s81*87 per cent. 


Sianni-iodic Acid fl). 


« 


C 

To a large excess of iodic acid dissolved in dilute 
nitric acid (20 c.c. concentrated acid ppr 100 c.c.), the 
calculated amount of stannic chloride * solution (of. 
previous preparation) was added drop bjr drop with 
oonatant stirring ; the mixed solution was then evaporated 
on the 'water-bath when a crystalline white powder was 
obtaihdd. The mixture was theq cooled and the 
qrystals washed and filtered as in the previous case. They 
were then dried in vacuum over sulphuric acid. (Found # : 
Sn=10*24, 10*25 ; J0 3 =88*84, 89*04. Sn (I0 3 ) 4 . 2HI0 5 
requires Sn = 10*16 and IO' 3 «= 89*6 per cent.). 


* Potassium 'Stanni-iodate. 

* r « . 

t Potassium stannidhloride dissolved.* in the least quan- 
tity of *water was added to 1* ‘solution of iodic acid in 
dilute nitric acid (10^ c.c. concentrated acid per 100 c. c.), 
.with dons tan t stirring* A granular precipitate was readily 
obtained which ‘was washed with, dilute, nitric aoid of, 
the sariie strength and dried 4 in vacuo over sulphuric 
acid. *(Foun<J: 8n *= 9*58, 9*38, 9*61 ; I0 3 '*=» 88*73, 83*8'; 
\K ** 6*16, 6*82. Sn(I/D 3 ) 4 . 2KI,O s requires Sn =.9*54; 

IO a '=8V2 and K=6*62*per cent.) 

* « 

4 

, Ammonium Stanni-iodate. \ 

« 

The .curdy white precipitate ‘obtained, by mixing the 
calculated amount of jvnnjoniurr. stanniekloride with an 
excess of iodic acid was dissolved by adding concentrated 
nitric acid* Concentrated ammonia vfas then added to par- 
tially neutralise the excess of ( fre& nitric ’ acid. A 
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» * 

granular precipitate* formed and readily settled. It was 
•then washed andk dried as in the previous case. (Found: 
Sn =9*93, 10*0 ; 10 8 ' - 86*8, 86 98 ; ’ N H 4 -» 3*qfST. 8n<IO s ) 4 * 
2NH 4 IO s requires 8n=9*87; IO,' = 87*14 hnd NB 4 =2*99 

M * 

per cent.) 


Rubidium Stanni-iodate. 

Rubidium ^tahnichloride dissolved in a fairly dilute 
nitric aoid was, added to a solution of an excess of iodic 
acid in the same solvent. The stanni-iodate separated 
m a fme\granular form on standing for some time. The 
substance was then washed and dried as in the ease* of 
the potassium compftund. (Found : llb=1285 ; Sn=8*76 ; 
IO; = 77*7. ’ Sn(JO,)v 2RbIO s requires Rb = 12*76* 
*&n=8*88 and I0 3 ' = 78*33 per cent.) 

Ctesium Stanni-iodate. 

• 

C/esitin* stannichloride dissolved in moderately strong 
nitric acid was slowly, adjivd to an excess of dilute nitric 
acid solution bf iodic acid. The ’mixed solution was 
evaporated *on the, wat&r-bath when granular* white 
precipitate gradually separated out 4 The precipitate 
was washed and.dried as in the previous case. • (Found : 
ps — 18*11 ; Sji-8*33.; IO : / = 72-85. -Sn(ld 3 V 2Cs(I0 8 ) 

’ requires Cs= 18*53 ; Sn=§*35 and lP 3 " =73*1*7 per cent.) 

» 

Sodium Stanni-iodate. 

* * * » 

A solution of sodium stannichloride, aci,difie*d with 
a drop of* dilute pjtric acid, was gradually added to 
a solution of # &n excess of iodic acid in modqrately stfong 
nitric acid (concentrated qcid diluted with aji equal 
volume of Vater) with constant stirring. The solution on 
concentration on the water-bath gave a. gran ul at preci- 
pitate which* was filtered' on , the pump, washed several 
times with dilute nif;rid acid (6 c.c. of concentrated acid, 
sp., gr. 1*4 per 100 p.cf) and dried as » usual). (Found *: 
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Na=3*95 ; Sn = 1004* ; IO a - 8618. . Sn(IO s ) 4 *2N<aIO s 
'c requires Na=3*78; Sn«=9*8 and IO a ' =8(|*1 per cent.) 

t 

Lithium Stanni-iodate. 

r « « f ' 

About 8 ‘gms. of r iodic acid were < dissolved in fairly 
strong nitric, acid (36 c.c. of concentrated aoid per 
100 c.c.). Two gms. of stannic chloride and C gms. of 
litliium chloride dissolved in about 10 c.c? o( water were 
added drop by drop to the solution of iodic acid. The 
mixed solution, on evaporation on the water-bath, gave 
a crystalline precipitate. It was filtered, washed and 
dried L ^s in the case of the sodium compound. (Found : 
fd = 1*13 ; Sn = 10T2 ; IO s '=87-88 ; Sn(I0 3 V2LiI0 3 
requires Li=l'18 ; Sn = 10*(''6 ; I0 3 '=88*76 per cent.) 

.Double Compound of He.va-iodato Potassium V/ annate and 

Mono-hydroxy-pcnta-iodato Potassium St annate (V). 

When potassium iodate was substituted for Iodic acid 
'in the preparation of potassium 'stanni-iodate, a compound 
was obtained which on analysis gave th£ foflowing results 
and differed from potassium stahni-iodate in composition. 
- (Found: K = 6*75, 6;8; Sn = 10*28, 1024; I0 3 '=81*58, 

<81*45. BjsSn(I03) 6 *K 2 Sn(I03^ 5 (0H) requires K* = 6'68; 

Sn ** 10*19 apd ICj 3 ':i= 82*44 per cent.) 

t 

■ Tetrahydroxy-di-iodalo Stannic Acid (III). 

To aw excess of sodium iodate dissolved in diltite 
nitric aeid (10 c.c. of strong acid per 100 c.c.) was added 
a solutidn of the calculated amount cf stannic chloride 
in thb least amount of water. A thick whiito precipitate 
was obtained which was allowed to settle, filtered, washed 

a , 

1 with dilute nitric acid t anti dried as usual. (Found * 
Sn=22*li, 21*9? IQs' =66*5, 66*6; I = 46-9i*>. 80(10,,), 
(OH) 2 ’2fl%P requires Sn =22*07 ;* I0 3 ' =69^33 and 

1=47*17 per cent.) 

i 4 


i 



COMPLEX IODATES OP TIN AND ANTIMONY 1J5 

* • 

JProperties bf Stanni-iodic Acids and their Salts. 

. With the exception of hexa-iodato acid and^ its 
lithium salt, the compounds are* all amorphous , white 
powders. They *all react^acid to litmus. • Like most of 
the iodates they ai% insoluble in water but afe gradually 
hydrolysed by it being completely broken by boiling 

water into stannic oxide and iodic acid or alkali iodates. 

* • 

They are easily reduced by reducing vapours and 
organic*matters, with liberation of iodine. 4 The freshly 
prepared* lithium and sodium stanni- iodates are soluble 
in dilute and strong nitric acids but on drying they 

• • c ft 

completely lose this property. 

Action of Heat on Hexa-iodato Stannic Acid. 

> * When the hexa-iodato stannic acid was ignited in a 
porcelain crucible, copious vapours of iodine were gfcen 
off ahd a ligh^ yellow residue was left even after strong 
ignition otfer the full flame pf a Teclu t burner. .There 

* was’no loss of tin during the ignition as the /o/«/*amount 
of it remained unchanged in the ignited product. The 
residue was unaffeated by water, alcohol, sulphur 'dioxide, 
chloroform, carbon tetrachloride and carbon bisulphide. 
Different* samples of the ignited residue # on ^nfttysis gave 

• a fairly constant ’composition. .(Found:. Sn = 77*57, 
77*89*; I*=5;95, 5*99. $n u 0 21 I requires Sh=78*25 and 
T®=5*96 per cent.) 

Trihydrozy-tri-iodato 'Antimonic Add. 

1 I 

v • 

A solution of afttimony pentachloride in strong 
hydrochloric acid was * sjowly added to an excess of a 
.concentrated’ aqueous solution of iodic acid. A precipitate 
appeared afteY* stirring Tor a tey?* seconds. It w$s filtered 
on the pump and washed ^with a small amqunt pf water. 
It w$8 then dissolved, in excess of neater acidulated with 

i i t 
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a few drops of dilute* iodic acid and . evaporated on* the 
•.water-bath when a white powder separated from the 
solutioi}. ^ was filtered, and washed* as before and 
dried ovpr sulphuric pcid in vacuum. (Found: Sb=17*l3, 
17* L; IO s ' =*74*41, 73*80; 1=53*71. f Sb(IO.,)s(OHVH a O 
requires Sb=17*21< IO' 8 =75*31 and 1=54*68 per <jent.) § . 

The substance is an amorphous white powder and 
reacts acid towards litmus. It is soluble .in water and 
the” solution remains clear even after addition of am- 
monia ; while cold dilute caustic soda solution slowly 
precipitates the oxide of antimony, concentrated' nitric 
acwl a}sQ precipitates hydrated antimonic oxide from the 
solution. 


Method ot Analysis. 

*' St mini- iodates. 

The substance was treated with hydrochloric "acid 
mixed with a. little sulphurous acid to reduce the iodate. 
•The solution was then carefully neutralized with ammonia 

b t i 

and then the tin was precipitated as SnO ? by boiling with 
ammoniifm nitrate. The alkali metals were ‘estimated 
•as sulphate by evaporating the filtrate , with a« little 
sulphuric *aeid v Iodic acid was estimated by treating the 
substance wijkh a solution of potassium iodide in hydro- 
chloric acid and titrating the liberated iodine, with sodium 
thiosulphate. Iodine was also estimated as silver iodide 
in the filtrhte from tip oxide by -first decomposing ^lie 
substance with sulphurous* acid alone. 

The substance Sd u O tl I was anaivsed by fusimr 

t * i V? 

with sodium carbonate and sulphur. . Tin was precipitated 
as sulphide from the solution of ttye fused mpsS ip water 
by the addition of acetic acid* Iodine was estimated as 
silver iodide from * the, filtrate after removing the sub 
phuretted hydrogen by evaporation and finally by oxidation 
with p, little* ammonical hydrogen pepoxide. 

I •* 
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• 4 

Antimony Compounds. 

The substance was dissolved as in the case, of tin 
iodate by a mixture of hydrochloric and sulj&urous acid. 
The solution * w^p treated with am excess of yellow 
ammonium sulphide and the antimohy was precipitated 
as sulphide by adding acetic acid. By decbmposing the 
substance with^ sulphurous acid alone- iodine . was also 
estimated as silver iodide from the filtrate from antimony 
sulphide. Ioflic acid as such was detefmined by treating 
the substance with an acid solution of potassium iodide 
as in* the case of tin compounds but in this case as both 
antimonic (Sb v ) antimony and iodyj acid contributed to 
the liberation of iodine so the amount corresponding fo 
the reduction (A antimony from the pentavalent to the 
trivalent condition was deducted fronj the total amount 
of* iodine liberated. 

A A 

# Chemical Laboratory, 
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Metallic Compounds of Rubeanic Acid. • 


By 

*Pk1YAD ARAN JAN RAY AND RAMANI MOHAN* RAY. 

* t 

f 

«• * 
tlubeanic acid id ay be regarde,d as a tautomeric 
oompound consisting of an equilibrium mixture of sym.- 
dithio-oxamide and sym.-di-imido-dithio-oxalic acid. 
< (W/illach and Reinhardt. Annalen, 262 , 354; Ephraim, 
Ber ., 1891, 24, 1026). Sodium and lead salts of ‘the 
acid are mentioned in the literatim! ( Ber ^ 1*880, 

2,3, 528 ; Annalen, 38,315). In thio paper a systematic 
investigation of obher metallic derivatives has been 
undertaken. 

Rubeanic acid readily gives insoluble precipitates 
.with salts, of silver,* gold, platinum, $*inc, C9balt and 
nickel. The copies, cobalt and nickel compounds have 
been prepared and studied, and found to have the formula 
MeC 2 H 2 N 2 S 2 (!£e==metal). Unlike the lead and sodium 
'salts, the«met&llic atom in these compounds seems toJ:Qrm 
the centre of a cyclic coordination complex?, as indicated 
in the structural formula given below.. 


HN 






(ate=Cu* Co ++ or Nl). , 


< 
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® 0 

The reasons for such an assumption are : — 

( i ) These compounds are fairly stable and can be 
heated up to 160° without decomposition, ^vhereas the 
compounds with ’sodium, iead Joe. cit .) and* silver— metals 
which possess very little residual affiftity — are extremely 
unstable. 

(ii) These sal£s possess characteristic colours differing 
from those of ‘the usual organic and inorganic salts ef 
cobalt and nickel : copper rubeanate being black, the 
nickel salt bluish- violet and the cobalt compound reddifih- 
brown. • 

* » * 

(Hi) The nickel* and cobalt salts on digestion with 
caustic soda Solution partially dissolve and the rubea-* 
% nates are reprecipitated from these solutions on neu- 
tralisation of the p-lkali. The solutions? are unaffected «by 
sulphuretted hydrogen or ammonium sulphide. 

(ip) With a strongly aminoniacal solution* of nickel 

salts,* rubea nic acid gives a Jirilliant red compound; which* 

readily gives up dmmonia and changes to the bluish- 

violet nickel rubeanate. * 5Uso, the latter dissolves in 

liquor ammonia t -9 a deep orange-red solution from which 

the original rubeanate is obtained on bailing off the 

ammonia. The orange-red solution does not, however, 

• * * * 
contain free nickel or nj beanie acid radical and is, no 

* I 

doujit, due to a combination of nickel rubeanate with 

further molecules ot' ammonia. ’Recalling that % nickel 

t6tramrilinq compounds are stabler * than hexafnmino 

derivatives, the formula given above, ‘which shows the co- 
• • 
ordination number of , nickel to be four, 'explains the 

fugitive nature t of the re*^ compound in which thfc nickel 

a£bm has possibly a co-ordination number of six. . 

* » < # 1 

As migh^ be expected from the * structure assigned 

to these compounds, *,they aVe extremely insoluble in 

water and ih all the* ordinary organic solvents, *1 part* of* 
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nickel in 500,000, l* part of copper in 1,000,001) and 
1 part.of cobalt in 150,000 parts of wqter being irame-* 
diately precipitated as rubeanates. In fact, nickel and 
cobalt "have been successfully as ti mated* b$r precipitation 
as rubeanates ; while copper presented some difficulties 
as regards hashing and filtering. With * more dilute 
solution^ of copper, nickel and cobalt, rubeanio acid pro- 
duces characteristic green, blue and yellow colourations 
respectively? and* the sensitiveness of these reactions as 
tests for the micro-detection of these metals ’ has been 
determined. The colour-effects can be used to detect 
1 part of copper iq,30 million, 1 part of nickel in 7 
million and I part of cobalt in 30 million parts # of 
water. 

* ^ 

cCarbonato-fcetraoimino-cobaltic nitrate with rubea-< 
nic acid gives tetra-aquo-diammino-tri-rubeanato-dicobalt 
[Co 2 (H 2 0) 4 (NH 3 ) 2 (Rb) 3 ], where Rb = (’C 2 H 2S ^N 8 )". r It 
loses the water molecules Wnen heated to 115-120° and is 
converted into 


[ (Eb)==Co— Rb— Cop*(RbX(- 
NH, NH^ 


Experimental. 

• V 

The'" rubeanic acid used in these experiments was 
prepared by passing a rapid current of dry and pure 
cyanogen gas (free from carbon dioxide) into a freshly- 
prepared, ice-cold solution of ' potassium hydrosulphido 
in absolute alcohol and acidifying the oaturated solution 
with dilqte hydrochloric aqid {cf . , Ephraim? &er. % 1889, 
22 % 2305), The yield was about 7G# ,of the theoretical. 

(Found : 1^=23 -«»26. Calc., N *= 23 • 33 per cent.). 
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Copper Rubeanmte. 

The compound was precipitated by adding* an 'alcoho- 
lic solution of rubeaiyc aftid to a slight* excess, of copper 
sulphate solution, washed by decantation with warm 
water, filtered on the pump and dehydrated at 105°. 
Samples prepared, in aqueous or ammoniacal solutions, ds 
also* in presence of sodium acetate, gave the same compo- 
sition. (Found* Cu=33 *3, 33 *2 ; S = 3^*85, *32*6 ; N= 
14*83, 15*15. CuC^N 2 S 2 H 3 requires C]i«*35*0; S=35**2; 
N=16 *4 per cent.). 

* ' % 

The results of analysis were always lower than the’ 
theoretical values due to adsorption of electrolytes which' 
% could not be removed even by prolonged washing. 

Properties . — Copper rubeanate when freshly* precipi- 
. tated,was a voluminous, slimy, ‘black mass which okanged 
to black,* shining scales on drying. It was fairly stable 
and began to decompose- above 160°. When heated, a’ 
red liquid distilled over and condensed in the cooler parts 
ofthejtube. * On heating ‘more strongly the red ’liquid 
also decomposed \vith ^evolution of sulphur dioxide, ammo- 

% v 

nia and cyanogen; while a residue of copper oxide was 
left behind. It was unaffected by ammonia but dissolved 

• i * » * 

in moderately dilute, boiling hydrochloric adid. Boiling 
c’austic alkalis decomposed it into copper sulphide, alkali 
cyahide and sulphocyanide. 


Nickel Rubeanate. 

\ 

To an pqufeous solution oi* a nickel salt was added the 
requisite amount of an alcoholic solution of rubeanlc acid. 
There was po precipitatiqp at this stage, but on neutralis- 
ing the acid liberated, during the reaction with "the mini- 
mum amodnt of animopia or sodiqm acetate, the rubeanate 
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at once separated out. This was washed by decantation, 
filtered on the pump and dried at 100°. f With a strongly 
ammouiacai solution of nickel salt, rubeanic acid formed 
an intensely red compound ; but jthe latter Readily changed 
into the bluish-violet rubeanate even when filtered and 
desiccated in an* atmosphere of ammonia.’ The bluiph- 
viplet rubeanate gave the following results on analysis. 
(Found: Ni = 33 1; S=36C; N=16-3. NiC 2 H 2 F 2 S 2 

requires Niv= 33 v 2; S=36-2; N •= 15 -8 per cent.)! 1 

"Properties . — Nickel rubeanate w&s precipitated as a 
slimy mass which changed to a bluish-violet powder op. 
dryihg. It was fairly stable and decomposed above 160°. 
Jt behaved like copper rubeanate on dry distillation. 

It was insoluble in water and the common organic sol-, 
vents; bu/< in pyridine it dissolved to a pink solution*, the * 
colour being discharged by Water. It was v also .soluble in , 
dilute hydrqchloric acid, specially on boiling. « ‘ , 

* i 1 • 

* It dissolved partially in « ammonia to a bluish-* 
violet solution and more freely in strong ammonia to a 
deep or&nge-red solution whicfi contained no — CN$',— S'" 
or CjjO/ ions, nor did it give any te^sts for free nickel or 
•free rubeanic acid. ‘From this solution the original 
bluish-violet rubeanate was reprecipitated on boiling off« , 
the ammonia*. « > 

t • 

It dissolved in caustic alkali to a yellowish-red solu- 
tion changing to pink on dilution.* From tljese solutions 
the bluish- viblet nickel rubeanate was obtained by neu- 
tralisation, on standing overnight or by prolonged boiling. 
The solutions* were unaffected by H 2 S or \NH 4 ) 2 8 and 
did not contain any— CNS',— CN', N*i + + , C 2 C\" or JD 8 N 2 S 2 H 2 " 
ioAS. TJiese facts proved « that ‘caustic tflkali did not # 
decompose the rubeanate molecule and that jthe solvent 
action was ‘therefore due to &ome siprt of salt-forrqation 
like NiC 2 S 2 N 2 Na s 
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Estimation of Nickel. 

The nickel was precipitated as* rubeanate* in the pre- 
sence of sodium acetate or ammonia,, the* precipitate was 
washed by decantation with hot water, filtered, dried and 
ignite^. The rubeanate decomposed, into NiS which 
changed on “further ignition to NiO (<?/*. Cormimboef, 
Annali. Chim* Appl., 1906, 2 , 6). Part of*the oxide 
was reduced to the metallic state by the organic 
matter.* The ignited mass was therefore treated ^with 
concentrated nitric acid, the excess of acid # evaporat- 
ed off, the nitrate was heated with a low fljupe, the 
temperature beingf gradually raise’d to a dull red heat, 
whereupon the cpn version into nickel oxide was complete- — 

* the nickel being weighed as NiO. The results obtained 
are tabulated below. 


• 

r, 

• 


Ni taken 

! KiO found 

Si fouii 4 ® 

Error 

(pm..). 

(pms.#- » 

(pms.). 

• (pm*.). • 

• 

) * 

• 



!... .* 


• 

% 

I • 


• 

* 0 0201 

| * 0*0258 

00203 

+ 0*000? 

0*028 1 

! • » 0*0362 

• 0*0285 

+ 0 0004 


. 

• 

• 

00321 

1 00413 

0 03^5 . 

+ 0*0004 

•0*0321 

0*0408 

• 0*0321 

# 0*0000 

* 

0 0348 * 

oodi 

0*0347 

- f 0‘0001 

00361 

0 0460 

0*0362 * 

+ 0*0001 

1 

• 0 0503 * 

0*0635 

* 0*0499 
* 

\-00004 

> 

00571 j 

00732 

, 0*0575 

* + 0*0004 

00428 „* 

00545 

0 0429 

*• 

+ 00001 

00371 . 

00475 j 

0*0374 

+ 0*0003 

» • 

• 

! 


00271 , 

0(J476 , 

0 0374 

+ 0*0003 


• 


• * 

0 0497 

0*0634 

. 0*0409 

f 

+ <4*0002 

• 

-* 

• ' 


ooofs 

* 0 0791 

* 0*0622 * j, 

> • +0*0004 

■» 

• 

i 


00412 

• 0 0628 

0*0415 | 

* + 0*0003 


I 

- — 4 

i 

• 
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Cobalt Rubeanate. % 

% ' This- compound was prepared, washed and filtered 

as in the cas^ of nickel.* Cobalt rubeanale settled more 
readily 'and wfas. easily washed free from soluble matters. 
It could not be dehydrated even art 120°. (Found : 
Co=27*2 ; S=300;,N=13*2. C 2 H*N 8 S 2 Co, 2H a O requires 
Co=27’7; S=30*l and N=13T per cent.).* 

r Properties . — Cobalt rubeanate was 'obtained as a 
reddish-brown, hygroscopic powder that did not lose*all its 
water even at 130°. It began to decompose above 160° and 
behaved b*ke the copper salt on strong heating, a mixture 
of cobalt sulphide and cobalt oxide being left behind as a 
residue. Like the nicktel salt, it dissolved undeco in posed 
in'hot dilute alkali. It was unaffected by ammonia. 

. Estimation of Cobalt . 

* The cobalt was precipitated as rubeanate in the pre- 
sence of sodium acetate or dilute ammonia ; ,the precipitate 
was washed with hot water, • filtered, dried and* ignited. 
The ignited mass was then treated * with a few drops ‘of 
concentrated nitric and one drop of concentrated sulphuric 
acids, converted into and weigherl as CoS0 4 with* the usual 
‘precautions. The results obtained are tabulated below. 


«* * * 




Co taken 

0o8p 4 found 

Co fcyind 

Error 


% 

(Kins.). 

(g«n,8). 

o-o&js 

00552 

* < 

00210 ! 

+ 0-0002 

0 0208 ' 

0 0648* 

* 0 0209 

+ 0-0001* * 

/' 

1 


« • 

00206 

0*0542 

0*0306 

—0*0002 

o 

00208* 

0(5660 

Q0209 

+ 0 0001 

00416 

01090 

00415 

—0*0001 

00416 * 

01094 

00416 

# 00000 

00241 r 

0-0636 * 

* 0 0242 

» 

4-0 0001 

0(5271 

0 0710 

00270 

r —00001 

00146 

0 - 0§85 

0P147 

+ 0 000| 

0*0312 

0 0826 , 

| 

4 0314 

+ 00002 


* 

• 

« 


COMPOUNDS OF RTJBEANIt! ACID 125 

I ( ' 

’Presence of animonium salts and of metals of^-the 
fourth (analytical) group did not interfere witty the'* 

estimation of cohalt and nickel by* these method* s 

• * , 

The I>ehaviour t of rabeanic acid towards gthe£ metals 

is given below. 

Silver nitrate gave a yellow ppt, which passed at 
once into black .silver sulphide. • • 

Mercuroqs salts gave a white ppt. ,e,ven from strongly 
acid solutions. The precipitation was quantitative. 

Mercuric salts behaved similarly. The precipitate 
consisted of an indefinite mixturfc of rubeanic api$ and 

Hgcr. - 

Cadmium salts gave a yellowish-white ppt. only in 

presence of sodium acetate. It was soluble in acids 

artel was decon/posed by alkalis into CdS, NaCN *and* 

» * 

N&SCy* The*j 3 ompound changed slowly in the cold and 
more rapidly on bojling into ,CdS. 

With zinc ,a white’ ppt. was obtained in neutral' 
solution Injly. It behaved like the cadmium compdund 
towafrds acids and ‘alkali. 

«* f * 

Gold and platinum gave brownish-black precipitates. 

» w 

Tetra- c uqiio-di-omftiino-tri-rubeanato-dicobctlt k . 

* 

* To a solution of 4 g. of carbonate* tetrammiuo-cobal tic 

nitrate ip 1&0 c.c. of water made anrmoniacal with 40 c.c. 

of ammonia was, added an alcoholic solution* of 1 g. 

of rubeanic acid (abqyut a third of the theoretical amount) 

with constant stirring*. t There was an instantaneous preci- 

’ pitation. ; The precipitate <jvag allowed to settle, washed* 

with very dilute amiqonia, filtered on the d um P and 

dried in’vacuo over’ sulphuric acid* (Fodnd :,Go =20*64, 

20*46 ; S’ — 32*8, 33*1 i N - 19*5, 18*95 ; Loss, on dpying 

. * * 



l$a *♦ i&r ahd *. it jut 

*< * y * 

at 7?5*2GVU’9. Co t^NAH,)* (H£>)* (NH # )i *9|««»w 
%CO«=p^ ; 8=83*2 ; N=19*3 ; H g O=12*3 jper cent). 

The eom^pund was obtained as a dull brown powder 
■DsohiUtf in, wMer,* dilute hydrochloric ‘uiid and the 
usual organic solvents. Boiling alkalis decomposed it 
with evolution of 'ammonia. The compound did not 
contain pitrate or carbonate radicles, and the cobalt 
wa^ in the cobaltic condition. The substance after 
being dried at 115-20° gave, on analysis, N=21*2. 
Co(G 8 N 2 Sj>H a ) 8 (NH 3 ' 2 requires N =21*7* per Sent/ 
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The Decomposition of Potassium f/la^igani- 
oxalate hi Plane Polarised, Circularly* 

Polarised and Ordinary’ Light. 

* » 

By 

Jnanei^dra Chandra Ghosh and A. N. Kappanna. j 

Christiansen {Znt. anorg. Chem., 1911, 27, 325) 
describes *a method for the preparation of crystals Of pure 
manganic acetate and observes th^t when mang&nfc 
acetate is dissolved in a concentrated solution of potassium 
oxalate a solution cf deep red colour is obtained due to 
the formation of potassium mangani-^xalater’ ’H«" 
also at>le to obtain crystals of tfcis salt, but they decom- 
posed* injbhe dark, and very rapidly in light. 

Werner "found that potassium cobaki -oxalate,* as 
generally prepared, is a’ rademic mixture and he succeeded 
’ in resolving' it into it's optimally active varieties, potas- 
sium mangani-oxalato must also, according to Werner’s 
theory, be' a racemic mixture of asvpimetric molecules. 
In some previous investigations in this .laboratory the 
iafluencp of the’ state of polarisation of light on the 
velocity’ of photochemical • reactions resulting in , the 
formation of asymmetric molecules has bebn studied. 
(Ghosh' and Purkayastha, 'J. Indian Chem. Soc ., 1^5, 2, 
261). In this reaction, however, it is* the asymipetric 
molecules which uhdorgo decomposition under tjie 
influence of light into inactive components. It has been 
observed thaj the. velocity’ o( decomposition for the ’ same 
intensity of piano polarised and ordtoary light is almost 
the same ; circularly polarispd light appears to bp a little 
more effective, but this statement cannot be" mad’e with 
> 9 
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confidence as the temperature of the Reaction chamber 
^>£ould <?nlv be kept constant within d=0 - 2°C when working 
at 6°cf. This reactiop is an ideal one f-or the application 
of Eiftslein’e law of photochemical equivalence, in that 
a molecule by absorption of light disintegrates of itself 
without any side reaction and it has been found that 
under favourable conditions, one quantum 'actually 
transforms one molecule. 


Experimental. 

* 

The 1 room temperature at Dacca varies from 2s ° to 33° 
.arid 'at these temperatures the velocity of decomposition 
.of potassium mangani-oxalate in the dark was found to be 
very large ; in fact it very largely masks the effect of 
lfgiiv vjli tho velocity of this decomposition. The decom-, 
position in the dark was found to have a large tempera- 
ture coefficient and it was felt that • if photochemical' 
.reaction could 1 be carried* out at ‘low temperatures the 

effect of the dark reaction would be comparatively small. 

, • • 

The problem is to allow a parallel beam of light to enter 

a glass reaction vessel, maintained af a low temperature, 

without undergoing, distortion or* considerable loss in 

intensity. It is* therefore necessary to avoid completely 

the deposition of dew on the glass windows of ‘the low 

temperature enclosure in which the reaction vessel ,is 

kept. This is a difficult affair in a moist tropical country. 

After /various unsuccessful devices were attempted, the 

following experimental arrangement gave Satisfactory 

results. 

A small water-tight brass -bpx covered with ebonite 
sheets on the exterior, with glaks windows' on ‘ four sides 
fend with a close fitting sliding top made also of ebonite 
contained the. stoppered reaction v.essel (1*65, cm. cube). 
Cold clear water from a thermdkta^ maintained at the 
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desired low temperature was made to flow through tiT^ 
box by means of a circulating pump run by a ^ot. air 
motor. This ebonite covered box was then place# ^inside 
a larger box of copper fitted with gla^s windows on four 
sides, through which distilled water at room temperature 
wds cirbulated very rapidly (Fig. 1). The cold glass 
windows of the inner ebonite covered box are thus always 
in c'ontapt on the outside with distilled water at roopi 
temperature, apd the light in entering these windows does 
not suffer any scatter ring. The larger copper box is’so 
•fixed oh the stage of a Konig-Marten spectrophotometer 
that one of the two .^parallel pencils into which the’ light* 
from the source is split up, passes through the reaction 
% vessel placed inside the ebonite covered box and the 
* other pencil passes only through the eokF Tracer ciieiiia- 
ting in tly* box. The experimental arrangement is in 
other r^poets analogous to that used in the investigation 
.of the photobromina'tioM qf.stilbene and of tinnamic acid ir\ 

this laboratory ( G hpsh and Purkay iV’ha, h»c. nit.). Only 

* 

in this instance a 500 c. p.»pointoli te lamp was used. A 

• i 

thermonjeter passing through a hole on the ebonite box 
indicated . the temperature of the 'reaction vessel'. Its 
.temperature was kept constant wit, hill ^0*2° during 
the experiment while working at TI C and within JtO'3 c ’ 
At.higher temperatures. 

■•A* solution of potassium niangapi -oxalate at the desired 
temperature Vas obtained by dissolving a weighec) quan- 
tity of manganic acetate in a given volume of potassium 
oxalate solution of known strength previously eooltM to 


the temperature of the cold \vatcr in the thermostat. The 
reaction vessel was quickly filled with the cold solution of 
potassium mangahi-oxalate, stoppered and placed inside 
the box. The circulating pupip was parted find the screen 
cutting off- the light the pointolite lamp removed. 

4* ^ ♦ 
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Jfolecnlar Extinction Coefficients of Potassium Mangani- 
Oxalate in various Regions of the Spectrum. 

Potassium mangani-oxalate in solution is coloured 
pinkish red and has been found to h£ve absorption in all 
the regions of the spectrum. The extinction coefficients 
were measured by the rotation of the angle in the Konig- 
Marten spectrophotometer and calculated from the 
equation, 

_ log l0 tan a t — l og, „tan_a % 

ct 

The values were obtained by examining an M/800 
solution. The absorption being very great in all regions 
excepting red, orange and yellow, more concentrated 
not be employed. The results are given 
in Table i and are plotted in Fig. 2. 

Table I. 


Wave-length. 


; * 

6563 

32-25 

i 

1-6096 

6i:o 

1 43-10 

! 1 • 3845 

6790 

90-00 

1-9542 

6461 

178-0 

2 2504 

6015 

254-0 

2-4048 

48'i 

266-7 

2 4280 

4471 ’ 

151-7 

2 1810 


Table II gives the values for lo£ l0 tan a, — log 10 tan a t for 
various concentrations of potassium mangani-oxalate at 
wave-length 579 m/*. In this region cf the spectrum 
Beer’s law is obeyed as will be at. on ;e obvious from 
Fig. 3 where the curve giving the j ilues of log, 0 tan a, — 
log 10 tana 2 , plotted against concentration, is found to be a 
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straight line. Readings to test Beer’s law in regions \j£ 

shorter wave-length could not he taken owing tcf very 
great absorption. It is clear that from the? readings in 
the spectrophotometer *for the above wave-length the 
concentrations can conversely be calculated. 

Table II. 


Qoncentafttioii. Log lo tan a,— log 10 tan a t . 


50 * 10 " ‘M 

i 

! * 42 54 

40 k 10 - ‘M , 


I 5493 

35 k 10 ‘M 


1*7035 

12-5 k 10 “ *M 


1 8657 

• 




Velocity Measurements at 6°C. m 

Even at 6°, the temperature at which the experiments • 
were carried out, potassium mangani-oxalate decomposes 
pretty rapidly in\the flcfrk and the rate of this Reaction 
was first measured. Table III gi\es the results of this 
measurement, k* being the velocity constant *of mono- • 

, molecular reaction. • 


* 

Table III. 


• * 





• ; ^ 

Tim 4 in minu&B. 

Cone, x 10 f 

! • * ' 

• 


j - 

— , - ■ - 

• 

i 

0 • 

43*25 

f • 

• 



30 

37-25 

• 

000496& 

• 

00* # 

32-00 

0- 005014 

1 

* * 


90 * i 

27-26* 

0*005129 

• 

'• * 
12(51 ! 

2^-25 

| * h^0«6152 

• $ 

! Mean 0 005005 


1 • • 

. * *- • 
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Reaction in Dark << t 16°. 
Table IV. 


Time in minutes. j Cone, x 10 4 k 


0 

49*00 


20 | 

39*00 

0-0* 1385 

40 | 

i 

SI * 50 

i o*oint7 

60 

2(5 • 00 

j 0- 010580 

SO 

20*75 

1 0*010143 

1 00 

16*50 

1 O 010879 

i 

* % 


Mean 0* 010800 


Reaction in Ordinary While Light at 6° and 10” 

Intensity of incident energy = 19800 eigs per sq. cm. 
per sec. as measured by a 'Tohansen thermopile and 
galvanometer calibrated with a Hefner lamp. 


Table V. 


Temperature 6°. 


Time *n minutes. 

Cone, x 10* mol a. 

k 

0 

43*25 


10 

35 • 00 . 

0*02114 

f 

20 

28-75 

0*02038 

30 

23 • 25 

0-02065 

40 

19-00 

0 * 02054- 


Moan 0-02068 
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Temperature 16^. 

Table VI. 

• 

Time in minute*. j 

Cone, x 10 4 medn 

* 

i 

< 

0 

43 ■ 50 


6 

• 

37 • 25 

0*03100 

• 10 

32 * 00 

O' 03068 

15 

27 • 00 

0-83174 

. 2t > 

23-25 

003128 

i 5 

• 

20-00 

0-03105 

1 

• i Mean 0*03115 

l.._ 

• 

i 

It will bo sees* f 

rom Tables III 

and V that af 6° *the 


velocity ->f reaction in light is exactly about four times 
the velocity in d;trk. 


% # due *° Light only. x 

/•‘in light k in dark =b -02008 — 0 00500 = 0 01562 

at (V : or •= O • 03 LI 5 — 0 • 0 1 080 = 0 • 02035 at WT. 

» ♦ • 

Yemperature coertieifciTt bct\vecn,0 and iG of Velocity 

of react ion* in ligl»t = () f> =1-30. 

• ‘ • 0 01502 

• • • • , 

Temperature* coefficient of velocity of reaction in dark. 


O-OlOSO 

0*00506 


= 2 13.* 


* Tt was found that the concentration* of potassium* 
oxalate when varied between iVjind ;VT0 had no' percept- 
ible influence on the velocity of the decomposition. 


React-ionmin Plane and Circularly Polarised Lights. 


# Inten^itid.% of ligh? in these three cases were* adjusted 
by using lenses of suitable f«ci,*so that they were almost 
equal to cyie another and equal to fchat ’ofymjinary \vhite 
light employed in th\ experiments Above. 
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Temperature 6°. 

Table VII. 

«* 


Intensity . 

Kind of light. 

k 

19800 ergs, per sq cm. per sec. 

Ordinary 

0 02068 

196 20 ,, „ „ 

Plain polarised 

0*02088 

20070 

Circularly polarised. 

J 

| 0*02264 


It will be seen from the above table that the velocity 
of photo-decompositiou in ordinary and plane polarised, 
white light is the same, but circularly polarised light 
has a slightly greater efficiency. 

“ Effect of Adding Oxalic Acid to the Reaction Mixture 
on the Velocity of Decomposition. 

< * 

Two 3eries of measurements were made by adding 
0*2 g. and 2 0 g. of oxalic acid to a litre of normal 
potassium oxalate solution. Thfe following table gives 
the results obtained at 6° in darkness and in light. 


Table VIII. 

r 

0-2 g. of oxalic acid per litre. 


T ntensifcy. 

Kind of light. 

k 


In darkness 

0*004677 

u 

19800 ergs pe»* sq. cm. sec" 1 . 

Ord’uary light 

0*020079 

19620 

Plane polarised light 

0*020930 

20070 .. | 

Circularly polarised .ight 

0*028437 
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Table VIII — Continued. 

2 0^. of oxalic acid per litre* 



Iu darkness 

0 00168 

10800 ergs per sq. cm. 1 

Ordinary light 

(T- 016249 

9 

19620 ' 

Plane polarised light # # 1 

0-016856 

20070 

Circularly polarised light j 

• 

i 

0 016774 

• 

• % 


The effect of addin" oxalic acid is thus to depress 
tlhe velocity of Recomposition both iu darkness and in 
Hght. Otherwise the results are similar to those obtained 
in jjeutrai potassium oxalate solution. 

• m 

TAnperature Coefficient of Velocity of •Decomposition 

• ^ ® 

• in ^Darkness and in Jsiyht. 


Table IX. 

- t • 

0-2,#. of oxalic acid per litre. 



! • 

• 

Ternp. 

\ elocitjt constant 

1 • 

Temp, coeff. per 10^ 

• 

< 

• a 

• # 


6* • 

• In darkness — 0*004577 

• • 

18* 

In darfeness — 0 009663 5 

|*08 


• 

• 


r 

' In light -OGJO07 

. • • 

• • 



In light -0 02^74 , 

• 


• «• 

• 

(k in ligh?— k in dark) **0*01560 ^ 

• • ( 


16°. 

, (k in light — k in dark) —0*02028 ) 

. a 



10 


X 
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Tablx IX. — Continued. 
2 g. of oxalic acid per litre. 


Temp* 


0° 

16° 

26 ° 

0* 

10° 

20 c 

6= 

16° 

26 c 


The temperature coefficient for the dark reaction in al 
these cases is very large ranging from 2 • 06 in neutral oxa- 
late solution to 3 -30 in oxalate solution containing 2*0 g. 
of oxalic acid per litre. The temparature coefficient for 
the velojitjr of photochemical decomposition on the other 
hand is jjuite small, near about 1-3. This is in conformity 
with other experimental data in this field and is to be 
expected. 

Influence of Intensity of Incident Light on the Velocity 
cf Photochemical Decomposition: 

M/200 of manganic acetate dissolved in iV- potassium 
oxalate containing 2 g. of ’oxalic acid per litre was 
used in the three following experiments. 


Velocity constant. 


( f t in light— k in dark) —0 00083 

(& in light — k in dark) —0*01205 

(k in light — k in dark) *<C 01979 5 


* ' Temp, ccjeff. per 10° 


In darkness — 0 * 003688 
In darkness —0- 01 136 

In Jarknesj — 0*03767 

In light. -0* 01242 

In light —0*02341 

In light -0 *06748 


3*10 


3 * 30 


l 80 
1 64 
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Table X., 


Intensity of light. 

* 

1 * 

k in light. 

(A: in light — k in dark) 

• • 

• 


• 

16100 ergs.cm* sec 1 

t 

0-01242 

0-00883 

• • 

19809 

0-01525 

001166 

j 

• 

24300 

i i 

0-02049 

1 001381 

; • « 

• i 


The velocity as is to be expected increases with in- 
crease in the intensity of the incident light but there is 
• • • # 1 * 1 * 
no simple relation between tlje velocity donstanfc and the 

intensity ' of incident radiation. In order, however, to 
determine the relation between the quantity of cliSmic^l 
transformation anfl the ’energy of the light, the quantity 
of light a*b§orbed must be measured and this measurement 
is described in the ^iext section. 


Velocity of Photochemical Decomposition .in approxi- 
mately Monochromatic Light of Wave-length 488 pp. 

• * 

M 

•To obtain an approximately monochromatic Radiation 
of wave-length 4<88 /u/a Plotnikow ( Ph ot ochem iscfte Ver- 
suchtechnik, p. 59) reqpmmends the use of two filters, one 
a solution of Doppelgriin SF (0*02^) atad another of 
CuS0 4 , 5His0*(I5 / ^' ) eatjl\ of a thickness of 20 mm. to 
be used together. These filters were employed with 
’white light in thefollpwing experiments (M/200 manganic 
acetate dissolved in n'eutral A r -potassium oxalate* solution 
was used): 
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* Table XI. 

Tntevit% of blue light 6075 ergs per cm • per tec. 


Teyrtperat ftre^ 6°. 

• 

Time in minutes.* 

one. x JO* 

j 

1 Velocity constant. 

• 

0 . 

48 -2 

... 

10 

30*00 

002114. 

20 

31 76 

*0 0200* 

TO 

. 28 00 

0 01809 

40 

0 • 

| f4-00 

0-01741 

50 

r 20-60 

0* 01707 

<50 

17-20 i 

| 

0-01714 


Table XII 


Intensity of blue light 2295 <?rp$ per cm 2 «<?o. 

Temperature 6°. 


Tim© iu minutes. 

Cone x 10* ! 

( 

Velocity constant 

0 • 

j 

47 *75 

••• 4 

10 

43 • 25 j 

£)• 00989 

20 

39 - 25 

hi 

0-00980 

feO 

36 00 ' 

0-00941 

45 „• 

i 

32-60 J 

0* 00855 

ttC 

29 ■ 50 ! 

* 

0 • 00803 

75 

26-60 i 

1 

, 0-00784 

The velocity 

* 

of decomposition 

in dark it 0*005083. 

i 

It will be noticed from,, Tables XI and XII that the 

velocity of decomposition in blue 

light is roughly pro- 


portional to J the intensity of incident radiation ;* but the 
velocity constants fall as decomposition progresses. 

i r ^ 
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t 

• Polarised Light ’ 

Experiments carried on in plane polarised .and 
circularly polarised light with the colour. filters, used 
in the above* tiro experiments and • with an iAcident 
of radiation =6075 ergs per sq. dVn. per sec. gave 
almost identical results with those givefi in Table XI. 


Application trf Einstein's Late of Photochemical Equi- 
valence.* 


This flaw *is strictly applicable to monochromatic 
radiation. In the present investigation the reaction for 
obvious experimental difficulties could not be earned pn # 
in monochromatic light, but the use'of filters mentioned 
above gave a bepm which approximated in quality to 
monochromatic radiation. 

* ^rom the first, two readings in Table XI we* find that 

9 • 2 £ 10~t gm. jmols are decomposed in 600 seconds, per 

litre.. Therefore the actual number of molecules deeom- 

• “ * 

•posed per c.c. per sec. • • ' 


9 • 2*x 10 -7 X 6 • 1 X 10 28 

, m - ■ “ 


T'he number of molecules decompose/! per sq. cm, ( of the 
surface under the influence of radiation in* the reaction 
•cell=H‘3xlO M xl -65 (1-65 being, the thickness of the 
reaction cell). . Of these 1 4th the number of molecules 
are decomposed by thermal energy .alond. so that the 
number of moleculs dedbmposed^ phofcochemicallj* 


J 9 ; 3 x 1 ° U - X V G ^ X 3 = 1 1 • 5 X 10 u mol. 

/ 4 

% 

It was found that with .the light source and. experi- 
mental arrangement ueecj/the intensity of the transmitted 
blue light through the^eaction ceM filled with onlypbtasgium 
oxalate sohiiion was »equal to 51 75 # ergs eta* bgo -1 while 
the intensity of the * beam with the cell filled with 
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potassium oxalate solution in whic'h manganic acetate 
was f dissoived (concentration of the manganic salt being 
equal to 45 10 _i M, 'about the average concentration 

betweelh 48 and 39 X lO^M) wijs equal 'to 1575 ergs per 
sq. cm. per sec. The energy absorbed in passing through 
the thickness of solution in the cell per sq. ‘ cm. per sec. 
is therefore the differerence of these quantities viz., 5175- 
1575=3600 ergs cm -2 sec -1 . One quantum of blue light 

_ hc_ 6 • 55 X 10 -27 x 3 x 10 10 
X . 488 x 10 -7 ' 

The number of quanta df light absorbed by the decompos- 
ing substance is therefore equal to 


3600 X 488 XlO -7 
6 • 55 X 10 -27 X 3 X 10 10 


8-94X10 14 


' Therefore' the number of molecules decomposed per qUan 
turn of energy absorbed 


it 


l'l • 5 x 10 u 
8 • 94 X 10 M 


1 28 


or roughly one quantam transforms qne mole'cule. , It is 
clear therefore that in this case the law' of Einstein is 

♦ f 

-quite applicable. The fact that the temperature co- 
efficient of the velocity of photochemical decomposition is 
just a little above unity lends additional support to this 
conclusion. 

Our thanks are .due to Mr. Sailendra Nath Sen 1 who 

, < 

carried but a large number of preliminary experiments 

in this connection. 

« 
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University of Dacca. 


JFledki red , February 28, 1928. 



The Essential Oil from the Flowerheads. 
•of Perovskia Atriplicifolia , Benth. 


BY 

Mai>yar Gopal Kao. 

« • 

The. essential oil from Perovskia atriplicifolia, Benth, 
does not appear to have beei^ examined befofe. JR. atri- 
plicifolia occjirs in* Western Tibet, in Afghanistan and 
Baluchistan at altitudes of 7,500 to 10,200 feet (Hooker’s 
Flora). The samples used were kindly sent by 
the Political • Ag^nt, Kurram, ^Parachinar, F. 

Province* and were identified by Mr. Jt. 3s. Parker, tht? 

Forest Botantst of th*is Institute. . 

• • 

* The samples were distilled on a seraa-large scale at 
this* Institute. Only flowerheachs w^re used; these were 
steam djstilled at a pressure of 40 lbs. and a datk greer 
oil with a strong oamphoraceous odour was obtained 
The yield of oil was \ 0 per cent, on tht? weight of air- 
dried floTyerhpads. Sftajks* were found to gi\«e a simi 
lar oil but the yield of rf>il w a# o»ly 0 -2 per cent. # 

• , 

Wheit the oil had beei) dried by anh$rdifyra magnea 
ium # sulphate aijd Altered, it had a light jolive-greei 
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colour, and had the following cohstants: aP 0*8943; 

*1*4748^; [ct]“ 4* 8; 53°, acid value 0*2; ester value, 

30*4; ester value, after acetylation, 49*22. These values 
for ester, before aifti after acetylation, appear to indicate 
an ester content of 10 *8 per cent, and of free alcohol 5 •‘’4 
per cent, in the oil. 

« 

A preliminary examination of the oil showed that it 
was free from aldehydes and ketones and that it consists 
of about 50 per cent. ? of terpenes among which d-a- 
pinene, /3-pinene and- oamphene have been definitely 
identified, 15-18 per cent, of alcohols and esters consist- 
ing mainly of d-borneol and bornyl acetate, and the rest 
of sesquiterpenes Consisting mainly of a-caryophyllone 
and aromadendrene. The combined acids were found to 
consist almost entirely of acetic acid, no other acids 
having been discovered. Tests for cineol have so far 
given negative results although the higher fractions am- 
ong the< terpene fraction hav-s a very strong odour of 
eucalyptus. 

. 

As a source ox c?-borneol this oil .would i\eem to be of 
interest, and , of some economic importance, particularly 
in view of the fact that camphene is also present in the 
oil ; but this will largely depend on the quantity of 
material, available. The necessary data regarding the 
occurrence and maximum output of the flowerheads 
of P. atrip Hcifolia are not within the scope of 
this paper. d-Borneol has been known to occur 
in the oil of the Borneo camphor tree (Schimmel’s 
Report, 1913, 33), and iu Callitris caicarata and C. 
Olauca (Baker and Smith, A Research on the Pines of 
Australia). 
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* » # 

Systematic repeated fractionations of the bulk oil at 
200 mm. pressure using a four pe^r still-head gave fche 
following fractions : — 


Fraction 

a. p. 

* 

Yield. 

A . .... 

>Sp. gravity. 

• 

Ref. index. 

i 

• 

Rotation. 

Analysis 

C . II 

• 1 * 

i • 

120-126° 

4*3 per cent. 

• 

0* 8004 

1*4011 

« 

+ 11* 16 

• 

88-0 

11 

n 

125-1 JO' 

20^) per cent. 

• 

0-8683 

1 ■ 4030 

+ 12-93 

67-7 

11*9 

• 

in 

• 

130,135° 

» 

7* 1 per cent. 

0*8750 

1 • 4634* 

• 

+ 15*45 

851 , 

11-2 

IV 

135-140° 

8*2 per cent. 

0-8802 

1 4-640 

+ 17-66 

83? 

.11; 5 

V 

140-145° 

8*0 per cc*nt. 

47*6 per cent . 

0-9072 

' 

1 -1640 

+ 20*01 

81*3 

11-3 

• 

• Vi 

155-100° 

2*0 per cent. 

i 

f 



• 


1 

• 

VllJ 

|* 165-175° 

10 • 2 pisfc c« nt* 

i 

; O-03S3 

• 

j 1 4705 

: + 10 95 

*76-2 

K* 6 

• VIII 

IX 

I 

• j 

• 1*75-1 S3"' 

1 • 

i • 185-190* 

1 

i 

2*5 f*:r cent. 

] 1*8 per cer^. 

* 

f 10 *£ per cent. 

i 

* * 

f 

1 

i 

! 

j 

! 

i 

! 

1 

1 

! 

1 

X 

I 

200-210 ' j 

• 

^ 0 * 5 per im*r. t. 

<1 SJp7s 

j 1 ■ 4970 

1 -1*00 

: 67i7 

: i i # * s 

XI 

; A 0-220° 

21*7 per cent. 

0*0221 

, 1*6012 

I +102 

S7-9 

1 II 8 

i 

t 

! 

1 

* ! 

! 1 

• i 

1 

• P 

28 • 2 per cent 

i 

i 

i • 


| 



(Thb use of the fourptfar still-head was discontinued 

wliile distilling fractions above 190°). 

• ; • • . 

Fractions I- V consisted mainly* of the terperfes : Frac- 
tion I had the famiMar, smell of pinene and fractions IV 
and V had (die strong .^mell of cineol. As*the density 
of all these fractions tfas h«igb, they were suspected to 
contain traces of borneol or Jtioiyjyl acetate, am\ were 
therefore refjactiopated over sodium at* the ordinary 
pressure of* 700 mm. ’ The fojlowingmew fractions were 
thus obtained. 

U 
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7 » t 


Traction 

t 

B, p. j 

, 1 

Yield. 

r 

Sp. gr. 

r 

Ref. index. 

! Rotation. 

[ Analysis * 

C J H 

I 

*1 

154-156° i 
♦ ! 

m 

1 • 1 per tient. 

0-8680 • 

1 -^020 

+ 12 31 

88*2 

11*8 

II 

156-160° ! 

j 

A 

5*2 per cent. 

0-8606 

1 ■ 4025 

+ 12-9 

87 *8 

11 9 

111 

160-164° M 

» 

6 • 7 per cent. 

j 0-8616 

1-4(529 

+ 14-6 

W-9 

11*8 

IV 

16.1-168° j 

6*2 per cent. 

| 0-8688 

s 

1 4030 , 

+ 15-0 

87*5 

11 8 

«▼ 

168-172'' | 

8 *5 per cent. 

0 ■ S734 

1 4030 

+ 16-9 

85 * 0 

113 

VI 1 

! 

i ] 

: n - 

j 

8*0 per cent. 

0 ■ 8750 

1 4040 

7+ 15-3 „ ' 

i 



Fraction I consists mainly of d-a-pinene, which gives 
• a ‘good yield of the nitrosochloride ; this when recrystal- 
Used from cold chloroform and methyl alcohol crystall- 
ised in fine white needles m. p. 109° (with decomposition'. 
The nitrol piperidine crystallised from dilute alcohol, 
m. p. 118°. Pinene nitrosochloride was obtained from 
fractions II and III so that these fractions also* contain- 
ed a-pinene. /3-Pinene and campheue were absent in 
fraction I. Fraction II consists of cf*cr.-pinenc, campheue 
arid a, little /3-pinene. Campheue was identified by 
hydrating this fraction with acetic acid - sulphuric acid 
solution and hydrolysing the oil so obtained with alco- 
holic potash. iso-Borneol, b. p. 210-2157700 mm., was 
obtained. This when recrystallised from light petroleum 
crystallised in snow white flakes m. p. 209-210° (in 
sealed tube). ^-Pinene was identified by oxidising 
fraction II with dilute ice-cold permanganate in caus- 
tic soda solution and working up the oxidation products 
in -the usual manner, when a little sparingly soluble 
sodium salt of nopinic acid was; obtained, from which 
on acidifying and extracting with benzene, nopinic acid 
1 crystallising in prism aV-fe 4 needles were obtained. These 
when reerystgllised from hot water gave the, pure acid 
m. p. 126-127.° A' mixture with nopinic acid made from 
pure pinene w^ai-t unaltered in melting point. 
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• • 

Fraction III consists mainly of $-pinene, a little cam- 
pliene and a little pinene. This fraction gave a good 
yield of nopinic acid. 

w 

Fraction JV. contains /3-pinene maiql^, camphene 
being absent. Fraction V and VI ha$ a strong smell of 
cineol but these fractions gave no phosphoric acid com- 
pound. * Tests for limonene were negative. Phellandrene 
is possible as a small trace of a nitrosite was obtained. 
These fractions are still under examination. • 

Fraction VII on distilling gave a small quantity of 
*/-borneol (1*0 percent.). Fractions *VI to IX consisted 
*of esters and alcohols. These were mixed together, and 
saponified with alcdholie potash and* the alcohol so obtain- 
ed was repeatedly fractionated, the borne ol fraction^ 
being congealed in ice and rapidly filtered each time. In 
thi§* manner 8*fi per cent, of tZ-borneol was * obtained. , 
Thifi Was found.to be free frorti camphor, as on treating 
its ajcofiolic solution with aqueous solution of semicarba- 

zide* acetate, no semicar batcone was obtained. 

* • - " 

<7-Bomeol b. Pj'210 700 mm. bad the following con- 
stant* whe*n crystallised from light petroleum : m. p. 
200-201‘; Sp. gr., 1 008; rotation^. in alcohol, -j-34-5 0 ; 
analysis, C = 78 0 ; H=ll-8. . * 

After sepa’ration of the rf-borneol * from the .fraction 
of b* p. 200-3 20°/700 nfm. the saponified oil gave the 
following fractions : * • 

1 ft > 


Frac- 

tion. 

* » 

*-P- 

Yield. 

• i 

• 

Rp. gr. 

~ T T 

Ref. index.* 

Rotation. 

(A) 

170-180 74) mm. 

• 

' ' 1 

4*3 p<*r cent. 

» * . ! 

0-8700 

f-4640 

^ • 

* — — 

+ 15-8 

.(B) 

180-185° a 

10 ,< j 

i 

1-4658 

4* 16*0 

.(C) 

185-195° „ , 

i 12 *„ |* 

i 

# (f-9282 

1-4670 . 

* j 

• 

i • 

(D) 

200- „ ’ 

: - i 

r 

0 ■ 93(Xf i 

• 

.1-4730 . 

«_ 

I + 13-4 


• 

• 
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These alcohols arq still under examination. Fraction 
(A) from its constants would appear to be mainly a 
hydrocarbon. 

Fraction^ If and XI were found to conpist mainly of 
sesquiterpenes. Tljese were fractionated over sodium 
and the following main fractions were obtained : 

p, c* 


Frac- 

tion 

B. p. 

' « 

Yield 
(per 
cent. ) 

Sp. gr. 

Ref. 

Rota- 

Analysis. 

index. 

tjon. 

* 

c 1 

• ! 

H 

-« ■* 

(a) 

( l2fi-130°/5 mm. 
or 255-260° 700 mm. 

; 16; 6 

0-9078 

| 1-4970 

-1-06 

87-8 I 

! 

U 8 

"(b) 

l. 

130-135 c /5 mm 
or 260-262"; 700 mm. 

4 1 

0-9109 

! 1-4978 

t 

-0-76 

88-1 | 

i_ 

11*8 


No sesquiterpene alcohol was present. Both these 
sesquiterpene fractions gave; all the colour reactions of 
aromadendrene (Baker and Smith, “ A Kesearch- on the 
Eucalyptus' and *their Essential Oils/’ p. 416). Thus an 
acetic acid solution or a chloroform solution of the oil 
gave a purple colour when a very dilute solution of bro- 
mine in acetic acid was added : this purple colour' deve- 
lopes .to an indigo blue. Phosphoric acid, also gave a light 
crimson colour, so did concentrated hydrochloric acid or 
sulphuric acid when each of these was added separately 
to the .acetic acid solution or chloroform solution of the 
- sesquiterpene! Colour reactions for cadinene were nega- 
tive. a-Caryophylleme wrs identified in both the, above 
fraction#, as they each gave a fair yield of nitrosochloride, 
m. p„ 164-165.° This when recrystailised from cold chloro- 
form and methyl alcohol gave prisms m. p. 179° (with de- 
comp.). The corresponding nitrot piperide crystallises front 
alcohol, «pa. p. 145° (Wallacii and ' Tuttle quote m. p. 143° 
for a-caryopby}lene riitrol piperide). The other derivatives 
of a-caryophyllene are being prepared for confirmation. 
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yhe combined acids were foupd* to consist only of 
acetic acid. The alkaline solution obtained from the 
saponification of the esters was rendered free of oil and 
acidified with dilute sulphuric acid and steam 4 distilled 
and the distillate wins collected in fractions. • 


•Fraction * I. 0*3347 Ag-salt gave 5lg=0*2166. 

Found: Ag=64< *73 per cpnt. 

Fraction II. 0* 2784 Ag-salt gave Ag*= 0*1762. 

Found : A*g = 63*3 per cent. 

Fraction III. 0*4114 Ag -salt gave .Ag== 0*2661. * 

• Found: Ag = 64*7’per cent. 

• » A 

CHjCOOAg requires Ag^'Ol-O percent. 

No other acijls, either volatile or non-volatile in steam, 
’could be detected. 

• * ( ' 

The author wishes to take this opportunity to thank 

the Political *Agent, Kurrarn, Parachinar, N. W. F. Pro- 
vince for the supply of the flowerheads, and tq 'Mr. A. # 
Rodger, O. *B. «E., President, Forest Research Institute 
for permission £o publish these results and for his keen 
interest in the work. 

* iM 


Forest Hess arch Institftr, 
D^hkarun. • 


t Received , February Jf8 f 1926. 



Thiodiazines. Part III. Hydroxythiodiazines. 

Li Y 


Prafulla Kumar Bose. 


' In continuation of the investigation of 1 : 3 : 4- 
thiodiazines it has been found that certain .a-halogenated 
esters of aliphatic acids condense with benzyl- or 
nitrobenzyl-dithiocarbazinates which contain the skeleton 
NH 2 'N = C(SH)-, necessary for the .synthesis of the 
1:3: 4-thiodiaziue ring-system (cf. this Journal , 1924, 
1, 53; ibid, 1925, 2, 95). The condensation, which is 
best carried out fn alcoholic solution in presence., of 
pyridine or the calculated- quantity of ammonia, hardly 
takes place in absence of these condensing agents; which 
evidently act by' eliminating'hydrobrcfmic acid. 

N II , -N = C(S H) • SCI1 , Ph + EtO • CO- Oft R lir 



NH — N 


,0C<"" ">C-SC‘H.^ 

*\ /sun C • 


z 


* n chr-s 

4 

NH — h 

OP. 


( t»n at ^ 

ycscH^Ph 

CP — s ' 


(I) 

T 


Condensation of benzyldithiocarbazinate with* a-bromo- 
isobutyric and a-bromo-w-butyric eSters, however, did not 
take place even when these substances were boiled with 
alcoholic ammonia. • « , 

* The thiodiazines obtained are' well-defined crystalline 
bodies, neutral to litmus but soluble in cold alkali : they 
are precipitated from the aikaline « solution by mjperal 
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• * * 

acids as should be expected from the hydroxylic structure 

(I) given above, . • 

An attempt # was made to obtain 2-thi®l-5-hydroxv- 
1: 3: 4-thiodiazii*e (II) by the* cendansation of 

potassium dithiocarbazinate and monochloroacetic ester, 
thus : * 


1*H 2 'N = C(SH)-SK + C1- CIL/CO OEt * 



•The reaction,* doubtless, takes place* in aif alcoholic 
sohftioi\ 'of the.components at the ordinary temperature; 
but* the isolation <jf the nysreaptan frpm the reaction 
mixture in a pure condition proved unsuccessful. The 
disulphid*e # of (I*[) was t however, easily obtained? on 
keeping the reaction mixture exposed to air for several 
hours. * An attempt to reduce this compound .to the 
mercaptan (II) was unsuceesful. , 

WJien chioroacet'ic acid is aojde'd to a solution of 
potassium dithiocarbazinate the principal product of 

reaction is 2-thiol -1 : 3 : t-thiodiazole-5-thielacetic acid. 

• * • 

N — N 
II II 

use c-s-ch.cooh 

V 

s 

The formation of this compound is interesting in 
•view of the fact -»that met Rods for obtaining* it frofn 
2*: 5-dithiol-l : 3 : 4-thiodiazole and chloroacefcic.acicf have 
been* fruitless ( Ri\y, Guha afid Das, J. Chem. Soc., 1919, 
1309). ' 
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Experimental 

r 

2-Thiobenzyl-5-hyUroxy-l : 3 : 4 -thiodiazine. 

• * » .» 

One mol c . of bepzyldithiocarbazin^te (Busch, J. pr. 
Chem., 1916 , [ii] 93, 25), which is best crystallised from 
hot xylene, was dissolved in warm alcohol, slightly more 
than one mol. of monocbloro acetic ester t«dded and then 
one mol. of alcoholic ammonia was run in with constant 
shaking. Reaction took place with rise of ^temperature 
andwithin a few minutes crystals of ammonium chloride 
began to separate. After’an hour the product was diluted 
With water when a reddish brown oil was precipitated 
which solidified. This was collected, dried on porous 
porcelain, dissolved in cold benzene and filtered. The 
filtr&te was diluted With ligroin when colourless rhombic 
plates of 2-thiobenzy l-5-hydroxy-l : 3 : 4 - thiodiazine ivere 
obtained. After recrystallisation from a mixture of 
benzene and ligroin it melted at ?23-24T J . The yield was 
quantitative. The ammonia can be replaced' by pyridine, 
but in this case, in order to ensure complete reaction, it 
was found necessary to heat the mixture under reflux for 
15 to 2G minutes. (Found: N=ll-91. C^E^ONgS* 
requires N=ll-77'por cent.). 

It is easily soluble in alcohol, benzene, ether, pyridine 
and acetic aci$, insoluble in ligroin. On adding warm 
caustic soda (8-9 per cent ) it dissolves and on cooling the 
solution deposits beautiful slender needles of the sodium 
salt whidh is hygroscopic and very soluble in alcohol or 
acetone. On benzoylation of the compound by the 
Schotten-Baumann method a yellow 3emi-solid mass was 
obtained. It solidified on cooling below 0° and was inso- 
luble in alkali and very soldble in most organic ( solvents. 
It slowly decomposed, in presence of water or alkali and 
therefore could not be obtained pure for analysis. Benzoy- 
lation in pyridine solution gave no better result. 
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2* Thiobenzyl-b-mr t h oxy - 1 : 3 : 4s-fhiodiazine. — Molecular 
, proportions of 2-thiobenzyl-5-hydroxy-l : 3 : 4-thiodiazine, 
caustic soda (5 per cent, aqueous* solution) «and methyl 
iodide were heated together on the water-bath und^r reflux 
until the methyl ioclide had disappeared. r Aie resulting 
ojl was. extracted using ether, the ethereal solution was 

shaken with dilute caustic soda solution to remove 

# • 

any unchanged tiydroxythiodiazine, washed several times 
with Water, and dried by calcium chloride. The etfier 
was rembved tindej* reduced pressure. Obtained in fhis 
mannpf, the methoxy derivative fofmed a thick, pale 
brown oil with a peculiar strong odour. (Foupd : 
0-==52*10; H = 5-t)6. C u H u ,ONo8* requires C = 52*3S; 

H=4*76 per cent.) 

o-Nitrobenzyl dithiocarbazinate.—^ The method of 

preparation is practically the. same as given by* Busch for* 

theP benzyl derivative ( loc . cit.). Hydrazine hydrate (5 g.) 

and* a 10 per cent, alcohcdic solution .of cdustic potash 

(56 c.c.) wem mixed* an*d*the mixture was cooled to 0°. ' 

Carbon ‘disulphide (7-§£.) was gradually run in so that 

the temperature t>f the reaction mixture did not rise 

above * 25°. ©•Nitfobenzylchloridq* (12 g.) was then 

added and the mixture shaken at the .room temperature 

for about an hour, the temperature of the .reaction 

mixture being not allovtcd to rise above 50^. On.adding 

Water to the reaction mixture an oil \rtas precipitated* 

which solidified pn cooling. From benzene it Separated 
• • # 
in pale* yellow glistening plates which melted at fyi? after 

shrinking at £2°. It vras easily soluble in alcohol, actjtone, 

hot benzene? or aqueous .alkalis but almost insoluble in 

.ligroin. *(Found: S« 26*74. C 8 H 9 0jjS a N 3 requires S = 

. 26*37 per cent.)., • 

* 2- Thio-'O-nitrobenzyl-h -hydro ry-Tt :3 : 4-tki odiai in e, 

from ethyl ch lor acetate and o-nitrftbenzyl difchiocarbazi- 

nate, formed transparent needles melting at 151°.* ( It 

' . 12* 
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152 , 

was sparingly soluble in benzene and alcohol but could be 
easily crystallised from acetone and water. (Found : 

N= 14*97. t\ 0 H 9 O 3 N 3 S a requires N = 14*84 per cent.). 

* • . f 

2-Tkio-'p-)ritroben%yl-S-fiydroxy-l : S : %-thiodiazine was 
obtained froip ^-nitrobenzylditbiocarbazinate and ethyl 
chloroacetate in quantitative yield. It was sparingly 
soluble irt alcohol or benzene but easily dissolved in pyri- 
dirfe or acetone. From a mixture of acetone and benzene 

- r <: 

it was obtained as long, white, slender needles melting at 
173°. (Found: N= 14*96. Ci 0 H 0 O 3 ]Sr 3 S 2 requires N = 
14*84 per cent.). r 

2- Thiobenzyl-K>-hyc£roxy-(S‘methyl-\ 3 : 4 -thiodiasine 
was obtained from a-bromopropionic ester and benzyldi- 
thiocarbazinate. It separated from a mixture of benzene 
< and ligroin in colourless crystals which melted at 110- 
111°. (Found: N=ll*21. *C n H, 2 ON a S 2 requires *N = 
11*11 .per cent.)., 

2* Ttiiobenzy l- 5 -hydroxy - G - carbethoxy-\ :,3: 4 -ihiodia- 
zine . — Molecular proportions of benzyl dithiocarbazinate, 
bromomalonic ester and alcoholic ammonia were heated 
together on the watef -batli for a few 'minutes and allowed 
to stand for several hours. On adding water to the 
product an oil separated which partly solidified after some 
time. This was collected and pressed on porous plate : it 
. crystallised fi'om benzene after treatment with animal 
charcoal 1 m colourless needles melting at 116-117°. 
(Found N== 9*14. C u H, 0 O 3 N a S 2 requires N— >9*03 per 
cent r ). -* 

* ' f i 

2- Thiol-5-hydroxy-l : 3 : 4i-f h i od iazine- dim Ip hid e — Hy- 
drazine hydrate (100 per cent., 5 g.) was added to a solu- 
tion of* ..caustic potash' ^5*6 g.) dissolved in alcohol 
(60 c.c.). _ The, mixture was cooled to 0°, cdrbon bisui- 

phide (7 *’6 g.) was gradually added when a straw-colored 

<* 

ojl separated out. , Ethyb chloroacetate (11*5 g.) was then 

r . ; ' 
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pouled into the mikture which was thoroughly shaken 
for a few minutes and kept at the ordinary temperature 
for about 2 hours. The precipitated potasgfum chloride 
was removed, * arn^ the filtrate was*exp6sed # to air. The 
crystalline residue, which contained Some ethyl chloroace- 
fcate and oth'er oily impurities, was dridd on* porous plate 
and twice recry stailised from hot benzene pr alcohol 
frpm which it separated in pale yellow, ferny crystals incit- 
ing a\ 92°. • The yield of the disidphide of 2-thiol-o- 
hydroxy-1 : 5 : 4-*thiodiazhic was about 45 per oent. 
(Founcl : N = IS • 89 ; S =43*i\0. C e lI B 0 2 N t S t • requires 

N= 18 -92; S 43 • 5 4 per cent.). * * ’ « , 

It was a fairly strong acid and decomposed sodium 
bicarbonate in the cold. It gave a pale yellow precipitate 
with mercuric chloride but not wi^h lead acetate ; it 
scarcely decolofised a solution of iodine. It fois soluble* 
in • ho$ ‘ water * insoluble in light petroleum but very 
soluble in pyridine^ acetone, and glacial, acefic acid. 

Reduction of the' Disulphide . — The disulphide, dissolved* 
in sod iuln # carbonate solyijion, was reduced by meaifs of 
the •aluminium-mercury couple. The reduction product 
was isolated as»a leUd salt, and was. Ultimately obtained as 
a brown viscous oil. Analysis showed that*it was not the 
desired substance. • 

*2-Thiol-b: 3 : i-th iocftazole-5-f h iolacet ic A oi d.—A mix- 
ture of 5 -6 gms. of caustic potash (10 per dent, in alcohol), 
and 6 gms 4 of hydrazine hydrate* (100 per dent.) was 
cooled with ice and to the mixture were gradually added 
7*6 g. of carbon* disulphide and finally 8-5 g. of qjiloro- 
acetic acid? The mixture was well-shaken and allowed 
to stand *f or about two houl’s at the ordinary temperature 
during which period Uvolutton* of ILS was noticed. The, 
mixture # of potassium chloride and the potassium Salt of 
2-tbiol-l : 3: 4-thipdiazolu-5-thiol&cetic acidj which had 
separated, was collected and crystallised from* hot Water 

• * i 
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to remove potassium chloride. The* potassium salt was 
dried and extracted with hot benzene to remove a small 
quantity of^he disulphide (vide supra) and the residue 
twice crystallised from hot wpter containing a little 
alcohol when long, silky needles melting and decomposing 
at 252-53° were obtained (6 g.). The potassium saH 
contains one mol. of water of crystallisation. (Found : 
K=14-63; 8 = 36*45; loss of water * at 130°= 7*00. 

0 4 H 3 0AN ? K, H e O requires K=14*78 ; 8 = 36*00; "H a O= 
6*83 per cent.). It was easily soluble in “hot water but 
insoluble in most organic media. 

The free mercaptan, 2- thiol-1 : 3 : l-thiodiazole-5- 1 hi ol- 
acetic acid was obtained by acidifying an aqueous solution 
of the potassium salt with hydrochloric pcid. It crystal- 
lised from hot wa.ter in pale yellow, glistening plates 
melting aC 164°.- It was very soluble in alcohol, ether, 
acetone or glacial acetic acid and insoluble in ' benz’ene 
or ligroin. ‘(Found: 8=46*85; N = 13*25. 0+H 4 O 2 N 2 S; 5 

requires S=46*15 ; N =7=13*46 per cent.). 

The aqueous solution of the mercaptan on beiiig treated 
with iodine solution gave a crystalline precipitate of the 
disulphide which separated from a v large quantity of 
alcohol in microscopic needles melting and decomposing 
at 180°. Jt possessed acidic properties. (Found : N =13*56. 
(C^CbNaSals requires N= 13*53 per cent.). 

My best thanks are due to Sir P. C. ll&y who has taken 
a keen interest in the. progress of the investigation. 


Univers nr College of Science 
anp Technology, Calcutta* 


Li • Received, December 22, 1925 . 



•Varying Valency of Platinum with respect 

to Mercaptanic Radicles. 

• • 

Part III. 


By 

Prafulla Cepandra Bay, Birks Chandra Guha 

and 

ICshitcsh Chandra Bose-Ray. 

• • 

. The> remarkable complex compounds derived from 

platinic chloride apd ethyl s tlphi^e, which have been, 

described in a foregoing communication (this Journal 4 

1925, 2 , 178), ha to now been subjected to treatment with 

ammonia and organic bases. The results obtained have 

thro'wn considerable light on their constitutions *loc. cit .). 

‘ The * products formed are well-known compounds of the 

# Werper type. The evidence is, therefore, directly* cor-^ 

roborative of the .Werner constitution of the compounds 

studied, as ;j,lready*suggesi;«id. . 

In* the present* paper the action of ammonia and 
pyridine on soihe bf the isomeric * varieties of PtCl 2 » 
2Et 2 8 and on PtCl.„ t 2Et.,S and PtCl„* 2Bt 2 S has been 
’studied. 

* » 

. Action of Ammonia and Pyridine on PtCL, 2Et.j8. 

.•By the action of ammonia BtCl^, 2Et a S is cQnverted 
into PK31 a , 4NH S ; 2Et,S is thus ^placed by 4NH S ^ This 
may be most conveniently represented on the Werner 
model as follows : — 
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O 

• 0 { 

white compound of the composition t PtCl 3 , 4NH 3 , soluble 

in water. It was identical in each case. All the 

< 

products Y ere found., to give chlorine ions in aqueous 
solution as "expected from theory. It \yill be noticed 
that Blom&trand’s a m-and tfmras-mddifications of PtCl 2 , 
2.Et 2 S (loc. cit.) are converted iuto one and the same 
compound by treatment with ammonia. If a compound 
of the constitution Pt(Et 2 S) 4 PtCl 4 (loc. cit.) were existing 
as one of the isomerides of PtCl 2 , 2Et 2 S, then a Com- 
pound, identical with Magnus’ salt in composition 
Pl(NH 3 ) 4 PtCl 4 would be expected to be formed by 
treatment with ammonia. But so far no such compound 

i , r* «. 

' has been isolated from the modifications studied. 

The action of pyridine on one of the modifications of 
PtCl 2 , 2Et 3 S has been studied, namely, on the compound 
of m.p. ,77°. In 4 this case, however,, two compounds 
have been isolated, in which the two Et„S residues are 
replaced by two and four molecules of pyridine respec- 
tively.. The reaction may be represented on the Werner 
model, thus : " „ 


* * i 


-.r ,. F> y 

, _ 4 

ci‘ ir . e 1 2 


cr u <r ’y 

>Pt< 


\pt: % 

2 Py 
* ** 


p;-'' '*- Py _ 

i 

Cl N Et 2 S 


C< 


Compound (II) w T as found to be insoluble in water, 
while compound (I) was very soluble in water, evidently 
because it is an ioni sable chloride. 

Action of Ammonia on PtCl 3 , 2Et a S. • 

* 

In the paper of R&y and Boso-Rdy <(loc. cit.) the 
authors- have given an experimental confirmation of the 
proposed constitution of tfre substance. When crystal- 
lised from boiling alcohol, the compound in question 
breaks u^i into Pt01 2 , 2Ej; 2 S and PtCl 4 , 2Et 3 S, showing 
thereby that PtCJ 3 , 2Et 2 S is a molecular compound of 
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the constitution [(Et 2 8) 2 .PtCl 2 ].[(Et*S) a .PtCl 4 ]. Further 
confirmation is now brought forward by studying Jthb 
action of ammonia. Erom the ‘resulting products a 
compound of *tKe composition PtOl.,,* 4N*ET 3 has been 
isolated, which has been evidently derived from the first 
component of the molecular compound* depicted above. 
The product of the action of ammonia on the other 
component has not been isolated. The other proposed 
formula* for this compound, viz., [PtfEt 2 8) 4 ]PtCl c (cf. 
Tschugae^f, Zcit. amrg. Chem., 1913, 82, 420) might be 
expected to give a compound o£ the empirical composi- 
tion Pt(NH 3 ).jCl ;i , but no such compound has been so* for, 
isolated. 


Action of A nfnionia and Pyridine on PtCl 4 , 2ELS. 


Ammonia is 'found to give the compourAl PtCl 4 , 
4NI5 ; , ’ and pyridine the compound PtCl.„ 2Py, which 
readily lencl themselyes to interpretation pn the Werner 
*basis, thus : * 








py x >p £\ c ‘ 

C‘ Cl 


III 




V.' 

Ct l* S 

X Cl 


A hlh 


Ci . TZ 
c i — r* P t '7 * HH. 


* tl H 




Cl, 


IV 


1 • 

Cqrhpounds (III) and (IV) are well-knpVn and can 
have no other constitutions than those suggested above. 
It, .is, of interest to note here (hat these compounds, 
which had been obtained by previous workers direct from 
platinous bhloride, Qtc., have now been obtained in quite 
a different way. * , • 

The replacement qT» ELS by ammonia and # organic 
bases seems to’occur stejj) by step in at least some of the 
reactions of the above type \cf.' Kiasoq, Per., 1875, 28\ 
1496; J. pr. Chem. p] 67, 33, 39 \\Ber., 19 04, .37, 1359 
etc.).* Some intermediate coAipounds of this variety will 
be described in a fut,urd communication,. 
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The compounds TtCl, Et 2 S and PtCl 5 (Et 8 S) 8 ,-2H a O 
are 0 of uncertain constitution and are also under inves- 
tigation. 

Experimental.* 

i 

Action of on PtCl 2 , 2Et 2 S, m, p. 96°. 

* ♦ 

The compound was dissolved in a very small quantity 
of alcohol and an excess of alcoholic ammonia was added. 
The odour of ethyl sulphide was distinctly pefoeptible 
and in the course of some ten minute! the* solution 
became colourless and white crystals began to Separate 
out.- -After half-an-hour the first crop was filtered off, 

* Cf ■*! 

which being impure, was rejected. The filtrate on 
standing for three or four hours more deposited a second 
crop of colourless f crystals, which were well washed witii 
. alcohol, dried between the folds of a filter-paper and kept 
for some time in a desiccator. (Fousfi : Ft = &£*68; 
Cl=*20*87 t N=?15*28. PtC| 2 ,4(NH 3 ), requires Pt=5G*03 ; 

Cl=2i*18; N =16*67 per cent!): 

, 1 <. 

Action of Ammonia on PiiCl 2 , 2Et 2 S, m.p. 104°. 

The compound fc was dissolved i,o a f moderatoly large 
* » 

- volume of alcohol and alcoholic ammonia was added. 

1 « 

On standing for 6-7 hours long colourless needles crys- 
tallised out. These were washed with alcohol and' dried 
in a‘ desiccator. (Pound: Pt=58*52; 01 = 21*36; 

N = 15*61 per cent.). n 

* i . 

Action of Ammonia on PtCl 2 , 2Et 2 S, m. p.’ 108°. 

4 

t * 

The compound was dissolved in benzene and dry 
ammonfa gas passed into i’t so “as to remove the ethyl 
sulphide from the spheres ol reaction as soon as it was 
formed. The turbid solution was filtered and the filtrate 

w * 1 i ti 

spontaneously evapofated in <a desiccator. * The yellowish- 
white product was washed first .with' alcohol* then with 
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w * 

benzene (in both* of which it is sparingly soluble) until 
a the product was white and again finally it was washed 
with alcohol and then dried for 3 hours in k desiccator. 

(Found: Pt=59.*79 01=21*65 per ceijt.)., 

• * 

Action of Ammonia on PtCla^EfjS, m. p. 110°. 

. 

Gaseous ammonia was passed through an alcoholic 
solution of the* compound when gradually Colourless 
crystals* came # down which were filtered, washed with 
alcohol ond dried. (Found : Cl— 22*37 per cent.). 

Action of Pyridine on PtClg, 2Et g S, m. p. 77°. 

• * I 

The compound* was digested with a small quantity of 
pyridine on a water-bath for about half-an-hour until 
the whole thing went into solution. The solution on 
•standing deposited small needles and bn again* warming, 
the # solution apd standing h considerable quantity of 
yellQW Crystals came down. These were filtered, gashed 
•with a little pyridine .and* then with alcohol and dried 
in a vacuum* desiccator. The com*pound shrinks at 260° 
and chars between^ 270°* bnd 280.° It was crystallised 
from chloroform. Jt is practically, insoluble in alcohol. 
(Found : *Pt =40*37, 46*16 ; Cl = 17*39 ; N=7*18. *PtCl 8 ,. 
* 20 5 H 5 N requires Pt«=» 46*24 ; Cl=16*6§ and N=6*57 per 
cent.}. The above platiqum compound was*also directly 
treated with pyridine in the cold. The pomporfad dis- 
solved and gradually a yellowish •crystalline deposit was 
thrown dowfi. After washing* with a little pyridine and 
then with* alcohol several times the substance mblted at 
176 — 76°. The mother-liquor, on being allowed to* eva- 
porate to # dryness spontaneously, deposited fine white 
hexagonal .plates whicji unjike # the yellow compound 
*were extrejnely .’soluble in waler. .(Found: 01=11*58; 
N=9*32. * PtCl* 4Py requires CV=12*1*; *^T=9*6 per 
cent.% 



160 RAY, GTJHA AND BOSE-RAY 

l 

Action of Ammonia on PfcCl 3 , 2^]t 2 S. : — The substance 
was suspended in a very small quantity of water into 
whic’n ammonia gas was passed. The compound slowly 
dissolved, giVipg finally a colourless solution. The 
solution was concentrated in a desiccator when colourless 
crystals separated,, out. These were filtered off, washed 
rapidly with very little water and dried for 4 hours in a 
desiccator. The filtrate on complete evaporation in a 
desiccator deposited another substance which, hcwever, 
was brownish coloured and could not bo sufficiently 
purified for analysis. (Found: Pt*=58*68; 01=21*31; 
N ==17*09. PtCl„ 4NH S ' requires Pt=58*53; 01=21*13 
dnd N — 16*67 per cent.). 

Action of Ammonia on PtCl 4f 2Et g S. — The resulting 
compound was isolated in this case after several trials. 
,X>ry ammonia gas Was passed for some 15„ minutes into., a 
benzene solution of the substance. The precipitate 
formed was filtered and washed with benzene ana dried 
in a desiccator. (Found: Pt=,4S*]3; 01=34*44; N= 
16*68. PtCl 4f 4NH 3 requires Pt=48*4; 01=34*9; N = 
17*2 per ‘cent.). 

Action of Pyridine on PtCl*, 2Et*S.— The compound 
was treated with a little pyridine and as it went into 
solution, yellow crystals began to -separate out. After 
standing for 1-2 hours they were filtered, washed well 
with pyridine, e alcohol, acetone and then dried in a 
vacuum .desiccator. (Found: Pt= 39*92; 01= 28.00; 
N=6*15. rtd 4 , 20 8 H 5 N requires Pt=39*6; 01= 28*5 
and N='6*6 per cent.). 

S 
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Dyes derived from /3-Phenyl-pyridine- 

• • * * • 

dicarboxylic Acid. 

By 

Jamuna Datt Tewari and 

9 

SlKHIBHUSHAN *DUTT. 

• • 

In a previous paper by one of the present authors 
£Dutt, J. Chem. 3oc. y 1923, 123 , 225) it was shown that 
diphenic anhydride condenses with aromatic amino «yid 

0 a 

hydroxy compounds to form. dyestuffs analogous to the 
phtfialeins^ In • a previous paper by Ghosh (J. Chem. 
Soc 1919, 115, 1402) it was shown ’that quinoliniq 

anhydride condenses with aromatic umino and hydroxy 
compounds .to form similar* dyestuffs. From observations 
on these substances he concluded that the effect of 
nitrogen in the i^jng was to lighten »t*be colour. # But he . 
did not measure the intensities of colour in the two series. 
Quantitative experiments on absolution spgttra* which 
qre now in progress in this laboratory, tend to show that 
the # effect of the nitrogen atom in the ring is to intensify ' 
the oo^our instead of diminishing it. *In order to .obtain 
conclusive results further dyes have been prepared by 
condensing j6-phenyf-pyridine-dicarboxylic t acid with 
aromatic amino and jfydroxy compounds, which are 
analogous* in ’constitution to the dipheneins with the 
exception that they contain a nitrogen atom in the ring* 
These compounds’ are*,much more intense in. colour Chan 
the corresponding dipheneins.* The details of th*ese quan- 
titative experiments will be <oommunicayted later. 
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£-Pnenyl-pyridine-dicarboxylic acid condenses with 
aromatic amino and hydroxy compounds without the use 
o£ a condensing agent, but it has been found that by the 

1 i r 

use of a condensing agent the condensation is facilitated 
and the yield is better. The following substances have 
been made to condense with the dicarboxylic acid, and 
the corresponding dyestuff obtained : — phenol, resorcinol, 
catechol, phloroglucinol, hydroxy- quinol, m-phenylene 
diamine and diethyl- m-amidophenol. In general^ proper- 
tied these substances are similar to 'the corresponding 
dipheneins, but, as previously stated, the intensity of 
colour is greater. 


L Experimental. 


Phenol-fi-phenyl-pyridine-dicarb'ixyleiit. 


r 


S. H 7 «v /- 
| >C (C 6 H OH 

co — o 



A mixture of j8-phenyl-pyridin e-dicar boxylic acid 
(1 mol.), phenol (2 mols. plus 20 pSr cent.' excess), and 
stannic chlofide (1 mol. plus 20 per cent, excess)* was 
heated at 100' 110° for 16 hours. The mixture was then 
poured into water and' the excels of phenol distilled Off 

in steam. The residue was extracted with dilute ammo- 

% 

nia and the extract, after filtration, was acidified when the 
dye was precipitated as a colourless mass. It is a white 
crystalline substance which on keeping tends to assume 
a pale yellow colour. On heating it darkens at 250°, but 
does not melt even at 305 6 . The solution in a 1 kali has a 
brilliant pink colour. (Found : C= 76*03 ; H=4’39. 
C m H 17 0 4 N requires 0 = 75* 96 ; H = 4* 3 per cent.). 
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• « 

♦ * 

Resorcinol- fi-phenyl-pyridi ne-dicarboxy lein. 


C l. H 7 **- 


" 7 '\ r / C<i 

CO— o n c 6 h 3 (oh) / 


4 • 

A mixturer of /3-phenyl-pyridine-cKfcarboxylic acid 
(1 mol.) and resowiinol (2 mols) was heated with a few 
drops oi sulphuric acid at 180-200? for about an hoftr. The 
melt was extracted # with alcohol anij the alcoholic extr&ct. 
after filtration was diluted with water which caused the 
precipitation of ihe colouring matter in flocks. It was 
( purified by precipitation from alkaline, solution by dilpte 
acid. It was thus obtained qs a yellowish brown powder ' 
whfch sinters rft 186 s and melts with decomposition at 
200*. The solution.in alkali • has an orange* red colour 
and a light . gre.en fluorescence. • (Found : C «= 73*28; 

H*=4*2. * £ 2s H 15 0s& reqijy-es C = 7334 ; H«=3*7 per cent). 

• • 

’’ Catech(H-fi-phenyl-pyridine*flicarboxylein. • 

» 1 * 1 

• • 

• A .mixture of */3-phenyl-pyridine-dicarboxyiic acid 

(1 nfol.), catechol (2 mcrls.) and stannic chloride (1 mol. 

‘plus 20 per cent, excess) was heated at 100-vL10° for about • 

tllrejb hours. The melt'was then poured into whter and 

after through grinding the insoluble residue was/ washed 

with water. ^It wAs then extracted with alcohol and the 

alcoholic extract was diluted with water ‘which caused 

the precipitation of the dybstuff as a crystalline* powder. 

It is a colourless substance. • The solution in alkali has«a 
• * • • 
transient .green colour. It does* not melt at *310°. 

(Found :*C=73*6; S=4*5. p £3 H 15 0fN requires*^* 73*34 ; 

H“*3* 7 per cent). 
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Phloroglueinol-fi-phenyl-pyridine-dicarbovylein. 

€ H H 7 N v /^(OH) 

I >C< 

CO— o 'c 6 h 2 (oh) 



c The condensation was effected as in the case of resor- 
cinol with the difference that the temperature was kept 
at 150-170°. The product was isolated in a similar 
manner. It is a bright „yellow crystalline powder .which 
docs not melt at 280°. The solution in alkali has an 
orange-red colour. (Pound : C=67*2 ; 11=3*2. CguH^OjN 
requires C=67*5 ; H«=3*8 per cent.). 


Hydroryquinol-fi-phenyl-pyridine-diccrboxylein. 

The condensation was effected as in the case of 
resoncinol and the substance was isolated in a similar 
manner. It is a light brown powder which melts with 
decomposition at 228-230°. The rolution in alkali has a 
fine pink colour. (Found : C=68*5 ; H=4*09. C g5 H ie O,N 
requires C=67* 5; H=-3*3 per cent.). 

A 

m-Diethyl~amidopherol-fi-phenyl-pyridine-dicarboxylein. 


C ,\ H 7 


H 


I >'< 

CO — o 


S H 3 ( NEC d v 

>0 




A mixture of /3-phenyl-pyridine-dicarboxylic acid 
(1 mol.) hnd w-diethyl-amidojihenol (2 mol.) was heated, 
with a few drops of strang* sulphuric acid at 160-170° 
for about two hours. The melt was then extracted with 
alcohol and the alcoholic extract, . after filtration, was 

diluted with water which paused the precipitation of the 

\ 
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colouring matter m purple flocks. This was Altered and 
jpurifled by dissolving in dilute hydrochloric acid and 
precipitating with dilute sodium* carbonate. It is a 
reddish violet .crystalline jaowder which dissolves in dilute 
aoids and also in Organic solvents .the solution has a 
brilliant pink- colour and a brown fluorescence. It melts 
at* 193°/ (Found: N = 907. CjsHaOjN* requires N= 9*1 
per cent.). * 

I tk * 

m- ~Pheny lent- diamine- [i-pheny l- pyridine -dicarbozylein. 


c„h 7 n 

I 

CO — o 



c 6 h 

C « M 


3 0 K) 



• - A mixture of /3-phenyl-pyridine-dicarboxylic acid 
^1 mol.) and m-phenylene-diamine hydrochloride* (2 mols. 
.plus ,10 per cept. excess) was heated at 180-190° for 
about three hours. The melt was allowed to cool* and 
•after grinding to a fine po.vder was extracted with abso- 
lute alcohol. The ' alcoholic extract after boiling with 
animal charboal was. concentrated to a small volume and 
the dyestuff crystallised as light brown needles. It jnelts 
with decomposition at 15 4° and dissolves . iii organic 
jsolvents and dilute acids. The solutibn has , an .orange 
oolour. and a^ green fluorescence. (Found : N*»13*5. 
6 m H 19 0jN 4 requires N=13’ 7 per cent.). " 

Chemistry Department, 

Universitt of Allahabad. R*c*4v0d t M<irc\17 t 1996. 



Quinofino-bromopyrOnes and their 
Conversion into Quinolino-furans. 

BY 

... Biman Bihari Dey 
and r 

TirtjvenkatA' Rajendra Seshadri. 

The bromination of quinoline-pyrones, dissolved in 
carbon tetrachloride or in glacial acetic , acid, which was 
carried out with the intention of obtaining quinolino- ’ 
bromopyrtmes, was found to proceed* in a complex 
manner. On resorting to the bromo-nitro-.. and thebr'uno- 
amino-coumarins (Dey and Row, J. Chem. Soc., r 1923, 113 , 

3 79) the authors found . thdt quinolino-bromopyrones’ 
could be obtained from these through the Skraup and 
the Doebner-Miller synthesis. For instance : — 


’ o • 



The quinolino-bromopyrones are colourlers substances 
insoluble in water, dissolving, very sparingly in alcohol, 
and more readily in JxriJing chloroform or in carboii 
tetrachloride which are 1 ' the best media for crystallisa- 
tion. Thp salts with, hydrochloric, with nitric, 1 and with 
sulphuric, acid separate as crystals when a solution of the 

r , 
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base in the concentrated acid is diluted with about its 
6wn volume of water. The methiodides are partially 
resolved into their constituents on evaporating their 
aqueous solutions on th<s water-bath. The hydrogena- 
tions of the pyridine ring in these substances proceeds 
smoothly enough, the resulting tetrahydro-quinolino- 
bromopyrones resembling the reduction products of the 
unsubstituted quinolinopyrones in all respects, 
colour, crystalline form and solubility. 

Cold t dilute caustic soda has no appreciable actio*n 
cm theste substances but on warming they gradually 
dissolve to an almost, colourless solution from which acias ' 
of the coumaridic type are precipitated on acidification* 
.TJie change, which is effected most readily by boiling 
alcoholic potash, is represented as follows : — 



The ‘quinolmofufan carboxylic ,* acids obtained in 
this way crystallise from boiling water in soft, colourless 
. \ieedlesv which lire stable and neither melt nor* decompose 
at temperatures below 300^. They have an amphpteric 
character, dissolving both in acids and alkalis in the cold 

ancf* are esterified with* case on, s*aturating the alcoholic 

• • 

solution with hydrogen chloride, the ester hydrochlorides 
being deposited un’dep these conditions. When warmed 
with sulphuric acid tliey»,display the change of colours 
characteristic *of substances* that have the benzo-furan 
structure. On hqating *with •sqjfe lime to dull yedness, • 
the* acids sjpfit off 'car'bon dioxide and yield the quinolino- 
furans, a class of heterocyclic substances that appears 
not to have been described befpre. • These, quinolino-furans 

.14 * 
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are pronounced bases, and readily dissolve in dilute acids 

from which ammoqia precipitates them as white 

emulsions which slowly solidify on standing forming hard 

cubicals crystals. ' They are stable and remain unaffected 

by hot alkali. 


Experimental. 


Q uino lino -6: 5 -a - &-bromopyrdne. 

i 



, . * V 

, S-Bromo-G-nitero-coumarin (8 gms.) was intimately 
mixed with dry glycerol (10 e.c.), and sulphuric ' acid 
(8 c.c.) was slowly added with stirring. Tim mixture' 
was r heated gradually in ax oil-bath ; at about 1‘4 i0 o a 

(y . *4 

vigorous reaction took place and the mass- began to swell. 
The flask was taken out of the oil-bath, shajcen well and 
cooled, and when the vigour of the redaction had subsided, 
the ‘temperature was slowly raisdd tp 170° and kept 
between 170-180° for 6 hours. The dark mass was then 

t « 

cooled- and* extracted* with boiling water repeatedly till • 
the flltrate ceased to show any ‘colour. The solution was 
rendered alkaline with soduim carbonate when a yellowish 

% •* /t, 

green nocculent precipitate of impure qwnolino-brotno- 
pyronv separated. 

t 

* It is insoluble in ether and " in benzene and very 
sparingly soluble in cold ajcohvfl : about 3,00 c.c. of boil- 
ing alcohol dissolve one gram. It dissolves very readily in 
’ chloroform or pyridine arai crystallise from these solvents 
as colourless- sharp^ needles, m.p. «236--237^.« The pure 
product f amounted to about 2 gms*. (Found ; Br as 292. 
^ijHeOaNBr requires Bv =*29-0 per ^ent.). 
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The 8ulphate f the hydrochloride and the nitrate were 

obtained as colourless needles when moderately concen- 
trated solutions (4 N ) of the respective* acids were 
added to the solid substance ; a clear solution was 
produced at first and very soon tl*e salts began to 
crystallise. 

The ovalate prystillised as long colourless fibres cJn 

adding concentrated solution of oxalic acid to a solution 

of the basip in d/lute sulphuric acid. 

• • 
The pic rate , m. p. 255°, was deposited as stoutyellow 

prisms when a saturated aqueous Solution of picriq jicid 

was added to an acid solution of the %ubstance. 

The dichromate separated as four-sided prisms even 

» from very dilute solutions. 

The ferrocy ankle formed thin plates of a pale yellow 
• colour* 

The mercuri-chloride separated from concentrated, 
solutions as long,, colourless needles, and the mercuri- 
iodide , whlcji was »amorpj\pus at first, slowly cfiang’ed 
into yellow pyramided crystals. 

The chloroplptinate formed pate yellow jwisfnatie , 
needles. ‘(Found: f»t = 201 (C^H^NBr).,, H 2 PtCl 6 

■ requires Pt=»20*3 per cent.). 

• * 

JL : 3 : 4- Tetra hydro-quinoli no- (i ; 5-a -3-bromopyrone. 

* . • 

The above quinolino-bromopyrone (i g.) was .treated 
with (1:1 dilute) hy’drechloric acid (40 c. c.) and granu- 
lated tin (4 <f.) and the fixture was kept boiling gently 
fpr six hours.. The cfear solution was then diluted and 
the tin eliminated usiifg suipjiu retted . hydrogen. The? 

flltfate was then concentrated on the *water-batk to small 

• • * • 

bulk and the tetraliydpo command was precipitated using 
dilute ammonia. It crystallises from alcohol in golden 
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yellow plates melting sharply at 174°; the pure substance 
weighed oply 0*2 g. .(Found: Br = 2865. O^HmOaNBr* 
requires Br^ 28*6 percent.). 

* t * 

The hydrochloride crystallises #s colourless needles 
from moderately concentrated solutions. 

The chloroplatinate forms yellow sharp needles. 
(Found*: Pt=20*0. (C I2 H 10 OaNBr) 2 H 2 PtCl« requires 
Pl= 20*1 per cent.). . ' 

. The nitroso compound was thrown down' as a iiocculent 
precipitate when excess, of dilute sodium nitrite solution, 
,ws.s added to a solution of the tetrahydro compound in 
dilute hydrochloric acid. It was moderately soluble in 
boiling alcohol from which it crystallised as colourless 
rhombic plates, m t p. 195-196° (decomp.). 

Quinolino-Q : o-aS-bromopyronemethiodide was pre- 
pared by heating the base with methyl iodide, wijihthe addi- 
tion of,a little methyl alcohol, at 140° in a sealed tube for, 
3 hours. It dissolved in cold water to an almost colour- 
less solution and crystallised,. on concentrating the solu- 
tion, as deep yellow rectangular plates, m. pV 252° 
(decomp.). On boiling the aqueous 'solution, the methio- 
dide slowly decomposed, giving the original quinolino- 
bromopyrone. 


4 

Qutnoli no-6 :§-furan-a-carboxy lie Acid. 



( Tlie quin olino-brom (Spy rone (2 g.) was, dissolved 
about 50 o. c.* of alcohol, a strong solution 'of caustic 
potash (5 g. in 10 c.c. of' water) was added, and the 
mixture was boded udder “reflufc (or four hours. On 
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cooling, colourless crystals of the potassium salt of the 

* furan carboxylic acid were deposited. Water was added 
until a clear solution was obtained and then carefully 
neutralised, when Idle dcid was slowly deposited in the 
crystalline condition. It was fairly soluble in boiling 
Water ^nd boiling alcohol and crystallised from these 
solvents as colourless needles which neither melted nor 
decomposed below 300°. The yield was satisfactory, the 
pure product weighing 15 g. 

The silver salt was obtained as a colourless, gelatin- 

* ous precipitate. (Found: Ag^=331. C,.,H G O s NAg re- 
quires Ag = 33 8 per cent.). • * 

The ethyl ester was prepared by saturating an 
alcoholic suspension of the acid with hydrogen chloride. 
*Th$ product was poured into water, neutralised with, 
sodiufti bicarbonate and the* precipitate crystallised from 

dilute alcohol. It was obtained as colourless .felted 

* • 

' needles m. p. 133\ 




< • 
Quindliuo-furan-carboxylic acid (2 g.) was intimately 

mixed with & times Its weight of finely powdered dry 
sodaiime and heated in* ft hard glass tube to dull redness 
•for about an* hour. An oil of a light brown colour 
• having an odour* somewhat rcseftibling quinoline* distilled 
which solidified as a, hard crystalline mass. .Rpcrystalli- 
sation 1'rym alcohol* gave colourless plates m. p. S5 r ; the 
pure product weighed •() 6 g# 



l?iJ DEY ANI> SESHABBl 

< 

The substance is readily soluble in alcohol and in Aiost 
of the ordinary organic solvents (ether, chloroform, 
benzene), fche^solutions exhibiting a pale blue fluorescence. 
It is insoluble ’ in bold water aad djssolvelj appreciably 
in boiling water, the 'clear solution becoming milky on 
cooling. (Found: f N=8‘5. C lt H 7 NO requires N=8 , 3 
percent.), 

,The quinolino-furan dissolved in cold dilute aqid 
producing light ‘green solutions from which it was fe- 
p respited by the addition of ammonia, \Vith concen- 
trated sulphuric acid it, gave a violet solution which , 
changed to blue on warming. 

, Th epicrate formed light yellow prisms, m. p. 221°. 

The dichromate was obtained as red rhombohedral 
crystals, m. p. 149° /decomp.). 

The mercuri-chloride crystallised as triangular plates 
when fairly concentrated solutions were- employed and 
tfye mdrcuri-iodide separated as colourless needles when 
Meyer’s reagent was added to a solutionof the substance 
in dilute, acids. A 

The chloroplatinate formed yellow needles. (Found: 
Pt=25»'9. (C,,H 7 NO) a , H s PtCl« requires *. Pt = 26T per 

* * t < 

cent.). 

QuinOliud-6 : o-furah Methiodide. — The solid £’uran 

was mixed with an excess of methyl iodide and a little 

' alcohol and heated in a sealed tube at 100° for an hour. 

<. 1 *. ‘ 

On cooling, the solution gave a mass of yellow four-sided 
prisms; the product, m. p. 284° (decomp.), was pure and 
the yield w r as almost theoretical. ’ - 

The methiodide dissolved easiiy in cold water and 

» i f * 

warm alcohol producing pale green solutions Which on , 
concentration deposit thef substance in a .pure, crystalline , 
condition.. It is not perceptibly decomposed by boiling 
water. (Found : I «• 4'6‘6. C t ,F 7 NO, CH 3 I requires I «,40*6 
pe^ cent.). 
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3- Jh'oma - G - amin o - conmori n . 

* e 

3-Bromo-G-pitro-coumarin (2 g.) was .treated frith 4iV- 
acetio acid (100 e.<?.), heated to abo^it 100° ®n a boiling 
water- bath .and fine iron powder (4 g.) was added in the 
course* of an hour. The reaction product was cooled, 
made alkaline jwith sodium bicarbonate, the precipitate 
filtered and extracted with boiling alcohol. On cooling 
the amino cpmpound crystallised as bright red needles, 
m. p. .192 — 493,°* weighing 1‘2 g. .(Found: Br=$3-5. 
C 9 H fi O,NBr requires Br*s333 pt?r cent.). 


2 -MethyUquinolino-Qt : 5-a-3 -bromopyrone. 


o 



I 9 « • • 

3-Bromo-6-amino-coumarin (2 g.) was treated with 
fuming hydroplilci’ic and (10 e?c.) and paraldehyde 
(4 c.c.) added. ' After leaving over-nigljt and then heating 
in an oil-bath for 2 hours at 130 o ¥ thb resinous piass was 
extracted repeatedly w*ith small quantities of boiling 
* water till the filtrate ceased to be coloured? On rendering, 
it alkaline with sodium car bonatfe, the methyl-buinolino- 
broni'op^rone was obtained as a dark coloured floeculent 
precipitate; this 'was purified by redissolving in .dilute 
hydrochloric acid and .precipitating carefully with sodium 
carbonate. *, * * 

It is sparingly soluble in*aVJt)hol, but readilydissolvtod « 
ih pyric^iile or* chloroform and cYystalUse4 from’ these 
solvents as colourless rhopiboliedral crystals* m. p. 243° 
(decomp.*). The* purs product w eighed a little less * than 
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a gram. (Found: Br=27 6. C 13 H 8 O s NBr requires 'Br= 
27* 4 P er cent.). 

The salt^, of methylquinolino-bromopyrone closely 
resembled those' of quinolino-bromopyp’one. ' The hydro- 
chloride, nitrate and sulphate are sparingly soluble in 
water and crystallised from moderatly concentrated acid 
soljitions as colourless needles, their aqueous solutions 
are colourless. , 

4 

( 

The pic rate , light yellow prisms, m. p. 210°, t he dichro- 
mafie, deep yellow prisimatic needles, tlfe mcrcuri-ch loride 
colourless silky needles, the mer cur i- iodide, yellow 
fl-atf n'ee'dles and the ffrrocy ankle, glistening yellow need- 
less, were all prepared in the usual way from and solu- 
tions of the base. ‘ 

.The chloroplatiilate crystallised in sheaves of yellow * 
needles. (Found : Pt = 19 7. (C 13 Eu6 2 NBr) 2 , H-iPtClo 
requires Pt = 19 7 per cent.). * , 

2- Methyl-1 : 2 : 3 : 4>-tetm.hydro-quinolino-G : 0-a- 

3 - hrpmo-pyrone was obtained in the usual way by reducing 
methyl-quinolino-bromopyrone * frith tin arid hydro- 
chloric acid. It crystallised from $lcohol as rhombic 
plates, ’m. p. 102-163°. ’(ltormd : Br=27‘3. C 13 H ls 0 2 NBr re- 
quires Br=27*3 per-cent.). 

The Jiydrcchloride of the base was precipitated from 

*4 

moderately concentrated solutions as colorless needles. 

The ckloroplatinafe Separated as yellow needles ' ahd 

o *' ‘ 

the nitroso compound crystallised from alcohol as colour- 
less needles, m. p. 179°. 

2 -Methylquinolino-Q : 5-a-3 -hromopyronhmethiodide, 
obtained ‘ in the usual way,' crystallised r from water 
in. yellow plates, m. p. 285° \decornp.). It is insoluble in 
all tho ordinary organic solvents and decomposed on pro- 
longed boiling with water, regenerating the methyl-quino- 
lino-bromopyrone. 
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2- t Meth\/l-quiholirio-Q: S-furan-a-carboxylic Acid . — This 
s wa ® obtained from 2-methyl*quinolino-6 : 5-a — bromo- 
pyrone by the action of alcoholic potash. It # crystallised 
from boiling w^ter or alcohol in colourje^fc flat, needles 
which do not melt ttelow 800°. The ^ield was 1 theoretical. 

• Th Q^silvee salt was precipitated as a colourless floccu- 
lent precipitate. (Pound: Ag=321. C, 3 H 8 0 3 NAg 

requires Ag=32*3 per cent.). 

• » 

Th e ethyl e&ter when crystallised from dilute alcohol 

appeared as clusters of colourless needles, m. p. 107°. • 

2-Melhyl-quinolinO‘Q :5-furan.— This was -obtained 

from 2-methyl-qulnolino-furan-cafboxylic acid by dis^ 
tillation with^dry^ sodalime. It distilled as a light brown 
Oil which when cooled in ice immediately and .scratched 
*bec/tme a crystalline solid melting at*29° apprQximatoly. t 
On allowing th^ oil to stand for 24 hours, however, it soli- 
dified all & mass of colourless cubes, m. p. 84-85°: 0 0 g. 

’ of the furan was obtainod«by ‘distilling 2 g. of the acid. • , 

The baethyl-quinolino-furan is readily soluble in*the 

ordinary organic solvents, the solutions exhibiting a pale 

blue fluorescence. ^Though it is npt perceptibly soluble 

in cold water, . it dissolved to a consul erable* extent in* 

boiling water.* With concentrated,suFphuric. aci$ it gave 

a violet solution which* changes to blue *on warming. 

(Found : N « 7'8. C (2 ll fl NO requires N*= 7 *i per cent.). , 
^ * • * • 

The hydrochloride , sulphate and the nitrate are all 

readily sdluble in v&ter, the aqueous solutions exhibiting 

a faint greep* colour. The picrate crystal] ised as yellow 

prisms, m. p, 198°; tXwCdichromaie forms red needles, m. p. 

*152° (decomp!) ; the ferrocyanide is slowly deposited as 

•light yelloqf plates ^rom concextfrated solutions, * and tile 

mercmri-chloride and, the mercuri-iodide form, qlusters of 

colourless. and light yellow rfeedles respectively*. 

15 
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The chloroptatinate sepatrated , as tufts ' of yellow 
needles. (Found: Pt»=25 0. (Ci 2 B# NO) 2 , H 2 PtCl e re- 
quires Pt*=£.5T per cent.). 

2- Msthyl-qjdnolbio-G'.b-furan-meth iodide, obtained in 
good yield,' crystallised from dilute alcohol in bright 
yellow needles, m. ,p. 256° (decomp.). Its solutions in water 
and alcohol have a light green colour. (Found : 1 *= 39*2. 
C 12 H 9 NO, CH 3 I requires 1=391 per cent;). 

* f Reteired > March 25 , t92fi. 
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Influence of tbe Hydrolysis* of Gelatine 
on Gold Numbers and Pe’ptisdtion 
of other Substances. 

By 

t 

Phani Bhusan Ganguly. 

• • 

The impurities generally found ip commercial gelatifie • 
fall under two heads, ionogenic matter and non-ionogenio 
matter, the latter mostly produced by the partial decom- 
position of the gelatine. The ionogenic* matter generally 
present are the calcium salts, of phosphoric acids, the 
non-i'onogenic mhtter being mostly gelatoses, intermediate 
hydrdlysis products of gelatine. The presence of , these , 
impurities changes .the properties of gelatine in a remark- 
able way. Jt was* shown .by Liesegang (Zeit. pkysikal. 
Chem.f 1914, 88, 1) tllat gelatine free from these impurities 
is incapable of producing Liesegang structures, a certain 
amount of gelatose and acid being necessary. It has 
been found that although a small amount of gelatose can 
render gelatine* capable olf producing banded structures, 
the addition of acids alone cannot produce that effect. 
In view of tjie above it see med.desif able to investigate 
the influence of the impurities generally found in gelatine 
on the peptising propeities of gelatine. • 

The gelatine was purified by washing till the ash 
content warf tyelow 0*1 per cent. This purified gelatine 
can be kept for 4ays tvithodt .developing any signs of • 
decdy. It nevertheless undergoing a d^copa position 
which changes its value .in a marked way* Hence 
in the following experiments immediately before ’use the 
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gelatine was washed twice with distilled water, the water 
being in contact with the gelatine each time for about' 
half an hour. 

To Ifind, the, strength of the 'gelatine solutions used in 
these experiments, " a measured volume was evaporated 
to dryness in^an air chamber maintained at a temperature 
of 90-100°. Dry gelatine cannot be ^weighed in the 
ordinary way as it takes up moisture too quickly. A 
tube with a buib blown at one end w T ith a side tube fur- 
nished with a tap was used. The bulb was blown fairly 
thick so as to be strong enough to be able to stand the 
t pull of the drying gelatine. After the gelatine solution 
had dried the tube was closed while hot and allowed to 
cool down to the temperature of the room. Dry air was 
then allowed to leak in with the help of the tap. Even 
‘ small quantities of gelatine could be Weighed quite con- 
sistently by this method. 

i 

A solution of colloidal gold wes prepared by Zsig- 
mondy’s method, and the gold numbers of commercial and 
purified gelatine were determined. In every case in these 
experiments the final solution was prepared by diluting 
in the same way. Ip a preliminary experiment the gold 
numbers of purified and commercial gelatine were as 
follows,: — 

' i 

<. 1st set. 2nd «et. 

Pure gelatine ... % 0*014 . 0*018 

Commercial’ gelatine ... 0 022 0 028* 

The values for the commercial gelatine showed great 
fluctuation and were much higher than the values for the 
corresponding purified gelatine. As the commercia 1 
gelatine > contained the* various 1 ionogonic impurities as 
well as the. degradation products of gelatine no informa- 
tion can be obtained from t-he foregoing results. Hence 
it was decided to change* the factors one at a time. 
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A* freshly prepared sample of gelatine was taken and 

a solution prepared. The solution was estimated, . the 
necessary dilution made, and the gold number ^determined. 
To determine the go]d number 10 c.c. t>f the gold Sol were 
thoroughly mixed with the added amdunt of gelatine and 
kept aside for about 15 minutes before the addition of the 
1 c.c. of the 10 per cent, sodium chloride. The values. of 
the. gold number have all been expressed in terms ^of 
anhydrous gelatine. A portion of the same gelatine was 
kept apart moist f®r about two nights so as to undengo 
.partial ‘hydrolytic and other decompositions. The gold 
numbers of this gelatine were then determined and* ihe 
following values obtained : — 

thresh! if purified gelatine. 


Vol. % pelafcim padded. 

• (^ 00125 4 %) 

Colour. (i«.dd immbe 

l -0 c.c. 

Bloc. 

• 

12 c.c. 

Purple. 

• 


13 c.c. 

Purplish red. 0-016. 

• 

• 

, 1 • *A c.c.* 

Red * 

• 

• 


• • • 

Same gelatine 

kept moist for two days. # 


• 

Yol. pda tine added. 

Qolour. Gold mimbr 

(O' 001 25 % ) 

• 

• 

• 

• 

• OG c.c. 

• 

Blue 

0^7* c.c. 

Bluish purple. # 

§ O & c.c. 

Purple. •0*01. 

t * 

I' ll c.v. 

Ko change. 


• 1 • 

There is thus a marked difference in the values of the 

gold* numbers wjiich # cleai^v shows that gelatine when 
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left moist for some time undergoes a change which 
renders it a better peptising agent. 

To investigate the above point further the influence 
of the decomposition of gelatin^ brought about by free 
boiling of a solution of gelatine on gold numbers was 
investigated. A one per cent, solution of corfimercial 
gelatine was taken and boiled freely .in a silica vessel, 
care being taken to prevent the gelatine drying on the 
walls of the vessel. At the end of every ‘two hours the 
solution was cooled to the temperature of the room and 
the voltime of the liquid brought back to its Original 
♦vrflue. A solution was prepared by diluting the calcu- 
lated volume and the gold number determined. The 
results are given in the following table — 




Tim© (h^urs). 

Gold numbers, 

1 . 


0 

0 020 


« 


c 

2 


2 

0-020 

S. 


4 

y.) 018 





4. 


6 

0-014 



- 

».» n 

5. 


8 

0-012 

6. 


xO 

0 010 

7 . 


12 

0-012 

8. 


14 

0-018 

9 . 


18 

0-026 

10. 


20 

, 0*034 


From the above we sec that when gelatine is freely 
boiled we get in the beginning an increase in the peptis- 
ing properties of gelatine which, however, after a time, 
begins to fall and attains a value much below the initial 
value. 
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when gelatine is freely boiled it undergoes a change. 

A part of it is hydrolised. producing gelatoses and *>ther 
intermediate hvdrolytic products of gelatine. Evidently 
the presence of *Jhese* earlier hydrolytic products of 
gelatine increases its peptising value as is clearly seen 
from the marked fall in gold numbers? On further boil- 
ing more and piore of the final products of hydrolysis of 
gelatine are produced at the expense of the original 
gelatine and h'ence there is a rise in goKl numbers. 

Another possible influence of boiling is the change* in 
size of the particles of gelatina. In the beginning boil- 
ing disintegrates qny gel aggregation that might* tfawe 
been formed thus producing gelatine solutions containing 
# particles of a uniform and probably smaller size. As 
however the above gelatine solutions were prepared in 
identical conditions this influence, if any, will be very' 
small. , s 

/The question of the size of gelatine particles’ on its 

• | ^ 

peptising properties has been thoroughly investigated by 
Menz phyoikal. Qhem., 1909, 66, 129). IJe found 

that the gold number decreases remarkably as the original 
gelatine solution horn which theklfinal dilute solution is 
prepared gets more and more dilute, The change is due 
to the presence at the lower dilutions of a larger number 
.of finer particles which* are more efficient than, larger 
particles in peptising gold sols. Menz’s dilute solutions 
were 4 all prepared at * the roum temperature. In the 
following experiments in order to investigate the influ- 
ence of temperature tm the size of the particles aU the 
dilute solutions have been prepared at 70°. 

, One £r&nz of gelatine was allowed to swell iu contact 
with water for several'll our£ ,It was then warpaed up to 
7t)° and the volume ^made up very rfearly up to 100 c.c. 
at t 70°. The solution was then * cooled to* the room 
temperature and tht\ voli/me accurately madfi up. * The 
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same procedure was adopted to get further dilutions, 
the r .hnal solution being O’OOl per cent, solution. The » 
results obta'iped are given in the following table : — 


i 

Original gelatine j 
solution. 

* 

t* 1 

Vol, gelatine 
at^ded. j 

Colour. 

Vol. 

gelatine 

added. ' 

i 

f 

Colour. 

<• * 

* « 1 

I per cent. 

1*2 e.c. ! 

Purple 

1 *0* c c. 

Purple (bluish; 

0-5 „ j 

c.c. 

Purplish red | 

1 *0 c,c. 

Purple (bluish) 

et-i 

1*2 C.C. : 

liod purplish | 

' 1 *0 c.c. 

Purple 

0-01 ,i i 

} 

1*2 C.C. 

Red ! 

1 0 c.c. 

j Purple 

* 0*001 

12 c.c. 

No change. ! 

1*0 c.c. 

Purple 


So far as it could be distinguished by observing the colour 
changes practically- no decrease in the gold number with 
the dilution of the original gelatine solutions was observ- 
ed when the dilution was done at 70°. From the above 
it seems reasonable to deduce that up to a concentration 
of 1 per cent, the particles in a gelatine solution are prac- 
tically of the same size at a .temperature considerably 
above the gelation temperature of gelatine. • 

Elliott and Sheppard (J. Ind. ' / tug. ('hem., 1921, 
13 , 699) have, however, obtained remarkable differences 
in gold' numbers even when the dilution was done at a 
temperature of 50°, which is not borne out by the above 
experiments. It is well known that a one per cent, 
gelatine solution when kept at room temperature for 
several hours will set into a gel. When this is shaken up 
with., water the gel is torn into smaller fragments. If 
shaken for a sufficiently long time a solution is obtained 
which contains particles of all different sizes' .from about 
molecular dimensions to,, the size of .about 9y. Menz 
showed by ultramicfoscopic examinations thad such a 
solution (Contained particle^ of thp size 2 — 9 y. The 
presence of coarser particles pan easily .be seen from the 
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fact fhat even after two hours of vigorous shaking the 
•resulting solution contained particles big enough to be 
separated by an ordinary filter paper. Tfc&se particles 
which are stopped Ijy the filter papel mby yery appro- 
priately be looked upon as fragments of the original gel 
which have riot gone into solution. This is? tantamount 
to saying that the final gelatine solution is actually weaker 
than what it is supposed to be. Consequently a higher 
gold number will be expected irrespective of the influence 
of the size of gelatine particles on its peptising properties. 
.This should he taken into consideration when drawing 
any conclusions from the rise in gold numbers as obtained 
byMenz and repeated by others. On the other hand when 
the gel is warmed* to a temperature of 70° and then diluted 
# the total quantity of gelatine goes into,solution and hence 
practically the sahne gold number is obtained irrespective ' 
of the process of dilution. 

The influence pf the Quality of .gelatine on the 
§ • 9 * • • 

peptising power of geFatiile in cases of precipitates has been 

studied ifi the cases of silver and lead chromates. These 

I •• • 

substances were formed by mixing dilute solutions of the 
respective nitrates with the exact chemically equiy&lent 
amounts * of potassium chromate. Fjrom. preliminary* 
•experiments the quantity of gelatir\e was so adjusted that 


by using different volumes of the reacting substances, 
peptised solutions of different degrees of turbidities were 
obtained. To compare • the turbidities of the 'different 
mixtures^ simple arrangement was set up ’as shown in 
the diagram . u The* light is divided into two beamg by 
means of 5die screen.^ containing two * semi-circular 
apertures *{pid jo 2 . T)ne beam of light passes* through 
the liquid under examination contained in the, cell (*, 
whilst the other *beafh reaches the reflecting surface 22 
after passing through a piece of milk glass 'Liquid is 
run into the cell p till the /n tensity of both the spotfc of 



P. li. GANGULY 


im 


i < 


le^rit<rLte,- 
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light on the screen S, which is protected from all 

extraneous light, is about the same. Twp series of 

experiments wpre performed using fre^h gel&tine .in one 

case, and the same arAount of partially ^lydrolysfed gelatine 

in the other . oase. 0*4 c.c. of a one per cent, gelatine 

solution were added to different volumes of the reacting 

substances, the total volume in each case being brought 

up to the same value. The results are given in the 

following table* — 


• 

• 

• 

AgNO„ 

3 ‘502 per cent. 

] • 

v A i Turbidity readings. 

tv f ( • • | 

* 2-0 | « : 

per cent. 1 p ur e gelatine 1 Hydrolysed gelatine^ 

* *1. 

• 

% 

0*2 c.c. 

• 

! J 

0-2 c.c. i Completely [ Partially 

| i precipitated. • j precipitated. m 

... * _ 

• 2. * 

• 

1 

0-3 c.c.** 

• 

v 

i 

0-3 c.c. ; Precipitated in 

j 24 hours. 

• 1 • 

Stable sol. 

• i 

• 

3. 

0*4 c.c. i 

• » f 

0 4 c.o. | 5-5 c.c.* 

• 1 

11 -3 c.c. 

• 

4. 

• 

* 0*5 c.c. 



«-5 c.c. j 6-0 c.c. 

• 

10- 0 c.c. 

- 

r>. 

* • 

4*0 c.c. • 

— , • 

• 

10 c.c. ! *‘ r > c.c. 

• 

• 

VO c.c. 

• 

— s 

• 

6- , 

• 

t 

• 1-6 c.c. 

• 

—-a— , — 1 « 

1*5 c.c. Precipitated on 

4 standing. 

# m Partially 
precipitated. 

a 

7. * 1 
• 

2*0 c.c, 

• • 

2 0 c.c* Immediately , 

! preoipitated? 

W 

i Immediately 
precipitated. 

• 

a 


From the %b*nve it will be seen that partially hydrolys- 
ed gelatine iy more efficient in.peptising silver chjomate 
th&n pure gehjtine. Similar results Mere obtained M’ith 

lead jchr ornate! ■* * , 

It M'ill be interesting to recall that Zunz* (Arch. 
, Intcmat. Physiol ., 1904, 1*27) has obtained ^similar 

marked differences' in * the ' pep Using., properties of 
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albumoses, the decomposition products of egg albumin. 
The' synalfa|umoses have no protective action on gold, 
whilst the proalbumoses have a fairly good peptising 
power {of. Zsigmondy, Chemistry of Colloids , p. 108). It 
thus seems to be a general property shown. by protein and 
similar bodies of being a better peptising substance when 
partially hydrolysed. 


, Summary. 

1. Solutions of gelatine containing a certain amount 
of gelatose and other earlier hydrolysis products of 
gelatine have been found to be more efficient in peptising 
gold sols than solutions of purified gelatine. 

2. Dilute gelatine solutions prepared from a one pei 
cent, gelatine gel at 70° gave practically the same gold 
numbers and thus failed to show the effects observed by 
Elliott and Sheppard at 50°. 

3. Partially hydrolysed gelatine is a better peptising 
agent for silver and lead chromates titan pure gelatine. 


In conclusion the author wishes to express his thanks 
to Prof. P. Gr. Donnan for his kind interest in this work. 


The William Ramsay Chemical Laboratories. 
University College, London. 


Recetved June 2 > i92o. 



Qiiinolino-6 :5-a-pyrones 

By 

- • 

B^man Bib*ari Dey, Indubhtjsan Sarkar and^ 

*Tiruve$kata**Rajendra Seshadri. * 

• * * 

It has been Shown (Dey and Goswami, J. Chem. Soc+ 

1919, 115, 591) that a class of heterocyclic substances 
• • • • 
containing the pyridine, benzene and pyrone*rings fused to 

*one another in the order named could be synthesised by 
the Application of the Skraup reaction to aminoGoumarins. ' 
Thesd compounds were termett the i//-l :• 8-isonapath- 
oxazones, but in vie\^ of the publication of a papbr on the 
same subject under the title of “ coumaro- quinolines ** 
(Kondo and- Tetsukichi* Ui» J. Pharm. Sc., Japan, 1923, 

* 498, 615), kt is now proposed, to redesignate these substan- 
ces the qulnolinjo-cflpyrones, a hame # which offers* a Jbetfer 
guide to* the constitution of these $ubstailce» # than what 
waff suggested before. 
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The different positions in these heterocy clic ring-systems 
may be conveniently numbered as follows : 



Quinolino-6: 5- 
a-pyrone 


Quinolino-6 : 7- 
a-pyrone. 



7 : 8-Benzo- 5 :6-Benzo- 7 : 8-Benzo- 

quinolino- quinolino- qninolino- 

6 : 5-a-pyrcne 7 : 8-a-pyrone 5 : 6-a-pyrono 

In view of the interest attaching to these substances 
and the possibility of their exhibiting physiological acti- 
vity, it seemed desirable to extend the series by studying 
methods of synthesis other than the Skraup process. An 
account is now- given of the * results of applying the 
Doebner-Miller reaction to 6-amino-coumarin, and to 6- 
amino-4-methyl -a- naphthapyrone. The former substance, 
reacting with paraldehyde, and with a mixture of 
paraldehyde and acetone, gave 2-methyl- and 2 : 4-diirfethyl- 
-quinolino-6 : 5-a-pyrone respectively, presumably in 
accordance with the following scheme : — 
CH # .CHO+CH v COX=CH s .CH(OH) CH.CC/X 


6- Amino* 

> 

coum&rin 





whore X is H or CH S . 

The assumption that the amino-group reacts in the first 
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place with* the hydroky-group of the aldol molecule seems 
to afford the simplest explanation of the mechanism of 
this change and is also supported 6y the observation that 
in the parallel * reaction, between crotonlc aldehyde and 
aniline, a-methyl-quinoline is almost exclusively formed. 

, The 2-methyl-quinolino-pyrone was obtained quite 
readily in a pure state, but in the preparation of the 
2 : 4-dimethyl derivative the mixture of aldehyde and 
acetonef had to. be kept, saturated with hydrochloric acid, 
for about fdrty-aight hours before adding the amine 
hydrochloride: as on omitting this precaution considerable 
quantities of the monomethyl derivative were simultone; 
ously formed and the separation of Ihe mixture was found 
to be difficult and tedious. 

3 These methyl derivatives do not coffer materially in 
’thejr general properties from the unsubstituted tjuinoli’no- * 
pyr^n'es described before. Their methiodides, however, are 
formed* lerfs readily and are ^also unstable, being partly 

* decomposed into their* bonstituents by boiling water. 
These methiodides 1 have a pronounced yellow colour, *but 
are cqlourless in aqjueous solutions (of. Dey and Goswami, 
loc. cit.,, 534). v 

Reduction of the methyl-quinolino-pyroned with tin* 

• and hydrochloric acidf led to bydrogerfation pf tjie pyri- 

dine-ring, but # the process was slow and, in the case of 
the 2 : 4-dimethyl compound, the yield of tribe tetrahydro- 
derivative did not exceed 10 per bent, of the thboretical. 
This result is in agreement with the observation made by 
Braun, Gmelin and .Schultheiss ( Ber. , 1923, 56*, .1^38), 
viz., that substitution , of the pyridine rfng by alkyl 
groups renders it more* resistant to reduction. 2GVlethyl- 
fpiinolino-6 { 5-a-py rone, forms a .benzylidene derivative 
This is colourless, KUt its hydrochloride and sulphate, 
which are sparingly* soluble in w*ater, have* a bright 
yellotv colour. 1 
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Experimental. 

b-Methyl-quinolino-6 : b-a-pyron$. 


< A mixture of 6-amino-coumarin (4* g.), fuming 
Hydrochloric acid (10 c.c.), and paraldehyde (8 c.c.) was 
.cooled 'in ice, saturated with hydrogen chloride and left 
overnight at the laboratory temperature in a loosely corked 
flask. The dark viscous product was heated at 130-135* 
for 3 hours, and t|ie nearly dry mass was crushed and 1 
extracted with small quantities of boiling water until the 
solution was colourless. The extracts were cooled,* and 

a 

made, alkaline with solid sodium bicarbonate, the yellow 
flocculent precipitate obtained in this way crystallised’ 
from 50 per cent, alcohol in jpale yellow needles, m. p. 
212 — 214° (yield 2—2*4 g.). The substance, on being twice 
crystallised from rectified spirit with the aid of animal 
charcoal, gave long colourless needles, 'm. p. 219 — 220°. 
(Founds C,i=73*8; E[*=4 3 ; N=6*’3. C i3 H fl 0 2 N requires- 
C=73*9 ; H'*=4‘3 ; N=6*6 per cent.) 

The substance is insoluble in cold water, very sparing- 
ly soluble in ether, benzene, petroleum, or cold 9h per 
cent, alcohol, moderately soluble in boiling water, and 
easily* soluble in hot alcohol, chloroform ,and pyridine. 
When freshly precipitated, it .dissolves in’ cold 10 per 
cent, caustic soda solution, ‘ but is insoluble in aqueous 
•sodium- , carbonate or - ( ammoniu. 2-Meth/l-quinolino- 
6: 5-a-pyrone, is soluble in hydrochloric, nitric ' or 
sulphuric 'acid (equal vols. of the cpncentrated acid and 
water), but from the cjear solutions the respective salts 
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soon separate in colourless needles. (Found: 01=14*6. 

* C 18 H 9 0*N, HC1 requires 01=14-3 pe r cent.) m * 

The mercuriehloride was obtained, as a mass .of soft 
colourless needles, and the mercuri-iodide as & pale yel- 
low amorphous precipitate which slowly, changed on 
standing to rhombic plates. 

The dichromate crystallised from hot water in pris- 
matic rfeedles, deep yellow in colour. -(Found : Cr 2 0 3 = 
21*6. (C ls H<AN> b H 2 Cr 2 0 7 , 3|H a O requires Cr 2 0*= 
21-6 per cent.) The water of crystallisation, in the 
dichromate could not be estimated as it was converged 
into a dark resinous’ mass at 100°. 

, The picrate crystallised from dilute alcohol in bright 
.yellow needles. (Found: N =12-3. C^HpOoN, C 8 H 3 0 jN 3 
reqUiyes N=12-t per cent.) . 

^h e>' ckioroplatinate crystallised in yellow plates ,from 
’ hot water in which it. dissolved very sparingly. (Found*: 
Pt=23-5u (C M Htf>,N)„ H 2 PtCl 6 requires Pt*» 24-0, per 
cent.). 

The ,methiodj,de ,was prepared by heating the base 
(1-6 g.), methyllodide (1 c.c.) and methyl alcohol (5 c.c.)* 

• in a sealed tube at 100° for five hours.* The product was 
extracted thrice with hot, water, and the combined ex- 
tracts were cooled, filtered from unchanged bas6, and 
evaporated in a vacuum .over sulphuric acid, when golden 
yellow* rectangular plates of tHe methiodido separated ; 
m. p. 244-245° (decomp.). (Found: 1=36*1. Ci 4 H 12 O a NI 
requires I =*3*6 • 0 percent.) 

The metyfipdide dissolves readily in cold water, is 
insoluble in ,j ether or benzene, and is decomposed, by hot 
absolute alcohol. • 

• » » f 
The henzylidene derivative was prepared by heating 

the base (2* g.) with bqnzaldkhyc|e (2 g.) at 150-160° ’and 
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adding freshly fused zinc chloride (3 g.) from time to 
time.' The {lark viscous product which solidified on 
cooling, dissolved alipost completely in boiling 2A r -hydro- 
chloric acid. The JiydrocMoride , which separated in 
bright yellow needlles almost completely on cooling, was 
collected. (Found: Cl *=10 -7. C g0 H ls O 2 N, HC1 requires 
Cl—10-6 per cent.) The hydrochloride was decomposed 
with cold dilute ammonia and the benzylidene compouhd 
was crystallised from absolute alcohol which deposited 
colourless stout needles, m. p. 205°. (Found : N—4*8. 
C 20 H 13 O e lJ requires N=4*7 per cent.) 


2-Methyl~Y : 2 : 3 : 4- tet rahydroquinolino*§ : 5-a -pyrone. 

A solution of tfie quinolino-pyrone (2 g.) in 40 c.c. 
of dilute hydrochloric acid (1 : 1) was gently, boiled for 6 
hours with granulated tin (6 g.) ; the solution was diluted 
- to' 200 c.' c., filtered, and the dissolved tin removed as siil- 
phide. The filtrate was concentrated on the water-bath 
to about 100 c. c., cooled, and neutralised with ammpnia, 
when the tetrahydro-dqeivative slowly crystallised ir. small 
glistening plates of a golden yellow coloul*. Crystallised 
once from 50 per cent, alcohol, it melted sharply at 179° 
(yield 1-1*2 g.). (Found: N=fi*4. C x 3 H 18 0 2 N requires 
N**6*6‘ per cert.). 

« 

The hydrochloride < crystallised krom strong solutions 
in long colourless needles. 

».* 

O 

Orf treatment with nitric acid, the tetrklyrdro-com- 
pound deyeloped a deep pinl$ cdlbur. A similar result 
was produced in an attempt to prepare the qichromate • 
• when the substance darkened and gradually decomposed,. 

The j picrate and the chloroplatinate formed » clusters 
of sh^rp pale yellow needles. tTFound': Pt«= 23*00. C*H 18 
0 8 N, H 2 PtCl 6 requires Pt=f23 • 2 per 6ectJ 
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The N-wtfroso-derivative, prepared in the usual man- 
ner, crystallised from alcohol <in colourless prismatic 
needles, m. p. J 60- 161°. (Found: ^*=1Z*0. C l3 H, 2 0 3 N 2 

requires N = ll-4 f>er cent.). 

, The acetyl derivative separated from alcohol in colour- 
less plates, m. p. 138-13’9°, and the methiodide from 
concentrated aqueous solutions in yellow plates, m. p. 202° 
(decorflp.). (Found: 1 = 35*7. C 14 U 10 O 2 NI requires 
1=35-6 percent 


l 2-Metkyl-7:$-ti(>nzoquinolino-{):b t -a-4i'~methyl pyrohe*. 

CH 



• • ' 

A mixture ,of 6-amino-4-methyl-l:2-naphtkapyrone 
(2 g.), fury in" hydrochloric acid (5 c.c.), and paraldehyde 
(6 was saturated with hydrogen chloride and the pro- 
duct worked ujt as before. The product was yellow* owing 
to the presence of some unchanged amiao-naphthapyrone : 

it was therefore acetylated and* the quinolino-pyrone 
> • 

extracted with cold dilute hydrochloric acid. , Alkali 
precipitated from the extract a colourless solid which was 
insoluble in .water, sparingly soluble’ in alcohol/ and more 
readily soluble in chloroform or pyridine. It k was best 
crystallised » from’ chloroform which gave colourless 
prismatic needles, m. p. 218° (yield 0*6 gm.). (Found : 
C=7S-35*;t H = l<*75. C 18 tl l;) 0.*N requires C?= 78*5; 

H=4*7 pejr cent,). 

The « hydrochloride separated ‘from a concentrated 

solution .in small, colourless ncecfles, and tlie picrate , 

from alcohol, in yellow prisms. • 

* » 

' 3 
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The dichromate formed dark yellow, short, prismatic 
need/es. (Fpund : Cr 2 © !t =20*0. (C^H^OaN)*, H 2 0r 2 O 7 

requires,Cr 2 Os=A9’8,per cent.) 

I * t 

The chlaroplatina/te crystallised in pale yellow, rhombic 
plates. (Found: Pt = 20*5. (C^H^OaN)*, H 2 PtCl„ requires 
Pt«= 20 3 per cent.) 

v f* 

o The mercurichloride separated from concentrated 
solutions in lustrous triangular plates, and the mercnri- 
iodide formed pale yellow, prismatic neediest 


t) ' * 

2-Methyl-\ : 2:3: A.-'letra hydro-1 : 8-benzoqninolino- 
6: 5 -a-4a -met hy Ipyrone 

*This \^as prepared by reducing the naplithaquinolino- 
pyrone with tin and hydrochloric acid 1 and working up 
the product^as before. It crystallised from alcohol in 
yellow needles, m. p. 204°. \Fqund : C = 77*65 ; H=,6*2. 
CigHnCXN requires C==77*8; H =6 0 pej? cent.). 

The' chloroplatinate formed pale yellow tapering 
needles. (Found: Pfc = 201. (C^Hi 7 0. 2 N).,, H 2 PtCl« 

•requires P.t = 20*l per ’cent.) •. * 

* t 

The N-wf’ib’Oso-derivative crystallised frGin alcohol in 

* 4 ' i 

colourless needles, m. p. 168° fclecomp.), and the < wetyl 
derivative formed colourless plates, in. p. 202°. 

i 

< r: 

2: 4- Dime thy l-quinolino-G : 5’a-pyrone. 


CH 



A mixture of paraldehyde and' acetone (.1:1). was 
kept saturated with hydrogen clildride ' for 2 days. To 
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10 «.c. oS it a* mikture of O-aminodoumarin (4 g.) and 
fuming hydrochloric acid (10 c.c.) was added and the 
whole was saturated with hydrogen chloride and left at 
the ordinary, temperature for 24 lipurs. * The . reaction 
was then completed by heating at ^30-140® for 4 hours 
and the dry. mass was worked up as before.. The product 
still contained a small quantity of the a-methyl deriva- 
tive which wa^ removed by washing twice with a little 
boiling alcohol in which t lie dimethyl compound dissolved 
rather sparingly. # It was finally crystallised from Jiot 
pyridine and a little water, separating in colourless 

9 * 

needles, m. p. 205°. The amount of the pure ^product 
obtained seldom exceeded 15 gm. (Found: C=74‘5*; 

11 = 5*4*; N=6'0. C I) H„0,N requires C = 74 7 ; H=4*9; 
*N=6'2 per cent.) 

. * 

{The hydrochloride formed. colourless cubical crystals. 
(Found : * Cl =13*75. C u H n O,N. IIC1 requires Ch=13*6 
per cent.). 

TJie dichromate % crystallised in deep yellow needles. 

» 

• • 

(Found : Cr«0»= 23*15. (C u H n O...N) ;w ILCr 2 0 7 requires* 

Cr 2 O s *= 22-75 *per cent.) 

* . 

» 

The chloroplatinate formed yellow plates. (fWnd : 
Pt = 522 * 7 . (C w H u O a N).Ji HoPtCJs* requires Pt=?22-7 per 
cent.)’ 

V 

The picrate crystallised from alcohol iw short, stout, 
pale yellow* needles* * (Wound: N = ll*7. C 4o H u O fl N 4 
'requires N =12*3 per cpnt.) . 

* 

The mercurichloride formed colourless prising. 
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2 : ^-Dimethyl- 1: 2:3: 4t-teiraJiydro-quwolino- 
6 : 5 -a-pyrone. 

' t 

After reduction •• with tin and hydrochloric acid for 
more than 12- bourn, 2 g. of the dimethyl compound gave 
only 0*2 g. of the tetrahydro derivative crystallising from 
dilute alcohol in golden yellow rectangular plates, m. p. 
121°. The unchanged material was mostly rebovered 
being practically insoluble in dilute .'alcohol. (Found: 
N =6*3. C w H 15 0 2 N requires N =61 per cent. ) 

The N -nitroso derivative formed clusters of colourless 
needles melting at 177°, and the benzoyl derivative 
crystallised from glacial acetic acid in colourless, 
elongated plates, in,, p. 171°. 

Prkbipi:k< y College, , 

Madras. * Jfmvw? March 19, 1920 



Thiodiazines. 

Part IV. 

BY 

PttAFTJLLA KUMA.lt BOSK. 

Derivatives of thiol-thiodiazine are readily obtained 
by the condensation of benzyl- and nitrobenzyl-dithio- 
carbazinates with aJbalogenated esters in presence of a* 
suitable condensing agent (Bose, this Journal , 1926* 

3, 148). 

The investigation of thiodiazines has n<^w been 
continued by studying the condensation of esters of 
phenylditlvocarbazinic acid with w-bromoacetophenone 
and * with p-methyl-io-bromcacetophenone. This leads- 
to the production p f substances that show cis- and trans- 
isomerism and that car. -be converted into thiol-thiodia- 
zines. 

In alcohokc solution alkyl-phenyl-dithiocarbazi- 
nates and a>-bromoacetophenone reacted so as to give rise 
to uncrystallisable oils, the formation of which was 
traced to the influence of hydrobromie acid liberated in 
the reaction. For, if the hydrobrqmie acid is neutralised 
as soon as it is formed or if the condensation proceeds 
in presence of the calculated amount of alkali, cry stalline 
products #f ' condensation, having the composition 
Ph NH*N : C(SAlk) -S OH^CO Ph, are obtained in good 
yield. The course of the reaction, however, w T as found 
to be greatly influenced by the -method of neutralising 
hydrobromie acid. Thus when an alcoholic solution 
of a, mixture of niethyl-phenyldithiocarbazinate and 



198 P. t K. BOSK i 

r 

w-bromoacetophenone was treated! with the calculated 
quantity of alcoholic potash at the ordinary temperature, 
a 'bright ,.yellow crystalline product, m. p. 100°, was 
obtained. If,, however, an alcoholic solution of aj-bromo- 
acetophenone is qdded to a mixture of equimolecular 
quantities of the ester and alcoholic potash* the conden- 
sation product consists of pale yellow soft needles, m. p. 
93°. The two products are isomeric. * Such isomerides 
have also been obtained with ethyl- and ra-propyl-phenyl- 
dithiocarbazinates on the one hand and, 6>-bromoaceto- 
phenone and ^-methyl-w-bromoacetophenone on the other. 

The compounds, obtained by the first method, are 
brittle, deep yellow*, crystalline substances having, as a 
rule, higher melting points than the corresponding 
isomerides. They are further characterised by their 
sparing solubility in ligroin, by their capacity to yield 
plienylhydrazones, and their stability. 

The isomeric compounds, obtained by the other 
methed, are soft pale yellow crystalline substances, v hicb 
are extremely soluble in most organic media and are even 
easily 3oluble in ligroin. Moreover, they fail to yield 
phenylhydrazones under the conditions employed for 
their isomerides and are unstable. 

Hantzsch and Werner’s theory of the spatial arrange- 
ment of atoms or groups about the system >C=N— ■ has 
been applied to the mono- and the di-alkyl-phenyldithio- 
carbazinates. It was found that aldehydes condense with 
the mono-alkyl compound to give thiodiazoles, thus: 

Ph.NH.N Ph ~-N— N , 

R/CHG + li = R'CI1< li +H„0 

HS.C.SR S — C.Slt 

These mono-alkyl compounds were, therefore, re- 
garded as having the thiol group in the ^-position 
relative to the anilino group (cis-thiol configuration). 
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From these mono-alkyl compounds, by the action of 
alkyl iodide, Busch was able to obtain dialjtyl-phefiyl- 
dithiocarbazingites of the type PhNH’]$i : Q(Sft)(8|l'). 

PhNIPN PhNH.N # 

. || and K'l gave chiefly , || 

HS.C.SR R'S.CrSR 

Ph.NH.N' Ph.NH.N * 

' || and RI gave chiefly |j 

HSCSR' " -RS C SR' 

» 

• # 

(Busch,. Ber., 1901, 34, 1119; Busch and Kraft, J. pr. 

* Cheni.y 1911, [ii] S4, 293.) Thus there are two Jso- 

merides of the type PhNH‘N==C(SR)(SIt): the second* 
alkyl group that is introduced occupies the cis - position 
with respect to the anilino group. 

* But it has already been stated fhat the i^omerides 
< of p^eoacyl and of y;-methylphenacyl-alkyl-phenyldithio- 
carbaziilatw can be obtained from the same components 
•undar different conditions *of experiment. Evidently- 
the suggestion of. Busch (foe. cit * ) that mono-alkyl- 
phenyl-ditlriocarbazinates* react in the cis-thio> form 
only capriot be maintained in its entirety. The present 
author has, however, reasons to believe that, the con- . 
m figurations gi\;en by Busch to his alkyl derivatives of 
phenyfdithiocarbazinic acid are correct. On .this analogy 
the pale yellow compounds, referred to gibove, would 
receive the formula (II). Consequently the, bright 
yelloiv. isomerides of higher melting point, would be 
represented by (I), .that is, by frews-configuration.* 


Ph.NH.N 

II • , \ 

RS.(\S.CH 9 rO.Ph(/;-T 0 1-) 
( 1 ) .* 


Ph.NH.N 

• II 

(p-Tol-)Ph.CO.CIi aSOSR 
► • \ 
(II)* 


» * i 

These assumptions receive indirect support'from the 
melting points of jthe different isomerides as a’lso from 
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their stability and behaviour towards phenylhydrazine. 
As' already, mentioned, the bright yellow* products, for 
which the formula (I) has been assumed, readily yielded 
phenylhydrazones .when boiled with phenylhydrazine 
in alcohol-acetic acid solution. The isomerides (II) on 
the other hand failed to do so. The non-formation of 
phenylilydrazones in the latter case ij not abnormal if 
We assume a mutual influence of the keto and anllino 

m 

groups due to their spatial proximity. 

• Attempts were made to obtain definite proof -of these 
structures by experiment. It followed from the constitu- 
tion (II) given above to the lower-melting isomerides 
'that they w r ould be converted into thiodiazine derivatives 
by the elimination of a molecule of water thus : 

4 

Ph 

PlvNHN | 

II H„0 /N— N . 

. (^-Tol' JPlvCO C’H 2 S , C , SR — >(/,-Tol-)Ph-C/ /OS!*, 

. CH— S 

an) 

The higher-melting isomerides, represented by 

(I) , on the contrary, are incapable of undergoing such 
intramolecular condensations due to tho unfavourable 
positions oi the reactive groups in the, molecule. In 
actual experiment it was found, however, that both the 
isomerides, when heated to 100° in alcoholic solution for 

f -• 

four hours or when heated without any diluent at 140-45° 
for 10-15 minutes yielded (III) with elimination of water. 
This result In the case of the tfraws-compound can be 
explained only on the assumption that (I) changes into 

(II) * before undergoing the thiodiazine condensation. 

* That such isomerides are interconvertible when kept in tho fused state for some 
time has been observed by 'riuscb. In the present case the transformation of (I) 
into vH) an( * v * cc ver *& could bo observed in many cases under suitable experi* 
mental conditions (r ide pp* 211-12). 
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The production of thiodiazines by these methods is 
therefore not reliable for indicating t the difference in con- 
stitution between (I) and (II). 

Having failed to obtain the desired results under the 
experimental conditions mentioned above, attention was 
directed -to observing the rate of elimination of water 
from the isomeridps under strictly comparable conditions. 
For this purpose the isomerides of Ph.NH’N : O(SEt).* 
S'OHa'OO'Fh were dissolved in anhydrous benzene con- 
taining a little anhydrous copper sulphate in suspension 
and the* mixture was allowed to stand at the* room 
temperature. It wa§ expected that the copper sulphatfe 
would become blue much more quickly in the case of the. 

cis-isomeride than in the other. 

% « 

( The compound, m. p. 87°, (for which a eis-structure 
has been assumed) gave after 48 hours a 46 per cent. 
Jrield of the corresponding thiodiazine. The development 
of the 'blue colour could not. be observed as a pQrtion 
decomposed into sulphuretted hydregen thereby con- 
verting copper sulphate yito cupric sulphide. The iso- 
meride,® m. p. 84° (for which a tram - configuration has 
been assumed), was fbund after the given period to have 
undergone partial isomeric change into the cis*-oompound. 
•The copper sulphate in this case turned greyish but not 
blue. The thiodiazine wall not formed at all even in the 

i 

course of a week. This is certainly an unmistakable 
evidence in favpur of the* constitutions* already proposed 
in the foregoing pages. « 

The thiodiazines can be obtained from either isomeride 
by the method already indicated. They may be directly 
obtained by* boiling a mixture of the bromo-ketone and 
alkyl-phenyldithioqirba^iAate hi „ pyridine solution for a 
few minutes. The reaction, no doirbt, proceeds with 
intermediate formation, of the cis-comjlound. Fol* it has 
’ been found that if tlie, reaction jin pyridine solution is 

* 
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carried on at a low temperature a m-compound is invari- 
ably obtained. # 

The trims - com pounds, on the other hand, are also 
obtained when the reactants arb boiled in alcoholic solu- 

(f 

tion containing precipitated calcium carbonate in suspen- 
sion. The function of the carbonate is to decompose ‘the 


bydrobromic acid as soon as it is formed^ 

. These reactions for the formation of cis-and tnans- 

€. 

isomerides together with those mentioned in the begin- 
ning of the paper lead to the following conclusion. 

An alkaline medium favours the formation of- the cis- 


COmpound with the total exclusion of the £m»s-isomeride. 
„A faintly acid medium, on the other hand, invariably 
yields the traws-compound. 

The thiodiazines (III) are very stable substances with 
high melting points and form pale yellow, hard, trans- 
parent prisms or needles. 


Experimental. 

General Methods of Preparation of Phenacyl-alkyl- 
phevyldithiocarbaziyates. ° - ' 

(i) Molecular proportions of alkyl-phenyldithiocar- 
bazinate and a>-bromoacetophenone or />-ihethyl-ar-bromd- 
acetophenone were dissolved “in warm absolute alcohol, 
the solutiod rapidly cooled and one molecule of 10 per 
cent, alcoholic caustic potash or ammonia run in gradu- 
ally with constant shaking. The precipitated, potassium 
brpmide was immediately filtered .off! Thp filtrate depo- 
sited on stafiding yellow crystals which weie purified by 
crystallisation from absolute alcohol. A, .rise 1 of temper- 

„ ature during the reaction is undesirable as the yield is 
considerably diminished thereby. 

(ii) ■ Alkyl-phe&yldithioearbazinate (one mol.), the 
br'omo-ketone (one mol.) and a large excess of precipitated 
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calcium carbonate (5-6 mols.) were heated in absolute 
•alcoholic solution for 15-20 mir\utes, by which flme 
the pungent smell of the bromo-ketone practically 
disappeared and th« sofution turned yellow. • The solu- 
tion was filtered and the filtrate on cooling yielded the 
difchioester in long bright yellow needles or plates which 
were found to ,be identical with the corresponding 
product^obtained by the previous method. • 

These two^methods yielded /mwar-phenacyl derivatives. 

(Hi). The alhyl-phenyldithiocarlpazinate (1 mojT) 
was dissolved in alcoholic potash (1 mol. of 10 per* cent.), 
the solution cooled .and an alcoholig solution of one m<$l. « 
of the bromo-ketone gradually added with constant 
shaking. The potassium bromide which had separated out, 
>yas immediately filtered off. The condensation^ product 
gradually separated from the filtrate in star-like aggre- 
gates’ which werS collected after an hour, dried on porce- 
lain dnd recrystallised from liaroin or dilute alcohol. 

1 \ * , j, * ° 

(iv). To a cpld solution of the alkyl-phenyldithio- 
carbazinate ,(1 mob) in pyridine, the solid bromo-ketone 
was added all at onfie and shaken thoroughly; the flask, 
in which’ the rcuctibn was being carried out was kept 
cool. The reaction was completed within’a fe’w minutes. 

larg^ volume of tvater was then ’added when a 'brown 
oil was precipitated. Thb oil was dissolved in warm 
absolute alcohol. The alcoholic solution on* standing for 
some . time deposited pale yellow needles which were 
identical with the corresponding product obtained by 
method (Hi). ’ • ’ 

The cw-compounds were formed by the last two reac- 
tions. 

tran s- P ht n acy l-m ej(ify l-p titny hlit hi occtrbazinat,e y 

Ph.NH. N 
II 

MeSCvS-gH.COPh 
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This compound was obtained by methods (?’) and (it). 
It crystallised from alcohol in bright yellow needles, m.p. 
100°. It is extremely soluble in acetone, pyridine, chlo- 
roform and benzene and only Sparingly sbluble in light 
petroleum. The yield of the pure product amounted to 
about 80 per cent, of that required by theory. (Found: 
C«=60*42; H=5*48. Ci C H, 8 ON 2 S 2 requires C=60*75; 
H=5*33 per cent.) 

'Phenylliydrdzone . — The above ketone was heated in 
alcoholic solution under reflux for abofat 15 minutes with 
an excess of phenylhydrazine and a little acetic acid., 
. The* dark coloured solution was cooled, acidified with 
acetic acid and diluted with water when a brown oil 
separated. The oil solidified on being left overnight. 
After two crystallisations from a mixture of pyridine ancl 
alcohol i£ was obtained as colourless, hatd prisms melting 
at 126-7°. The phenylhydrazone gradually turned bfown 
on ke.eping. (Found: N -13-93. C 22 H 22 N 4 & 2 requires 

N=13*79 per cent.)* 

trurLS-Phenacyl-elhyl-phenyJdiihioGarbazinatei which 
w r as prepared like the preceding methyl derivative (90 
per cent, yield), crystallised from 1 hot alcohol'in long, 
yellow needles, m. p. 82°. It is very soluble in acetone, 
carbon disulphide and* pyridine but very sparingly in cold' 
alcohol and hot ligroin. (Fourid : C=61i53; H*=*5*37; 

N=8*63. 0 17 H 18 ON 2 S 2 requires C=6l*81; H=5*45; 

N=8* 48 per cent.)' ( 

The phenylhydrazone , obtained by the method already 
described, crystallised from dilute pyridine transparent 
prismatic needles, m. p. 136°. (Found:*' N= 13*41. 
C^H^N^Ssj requires N =13.34 per cent.) . ‘ « ' 

• n-propyl-phenyldith t io6Urbazinate.—A. mixture of 2 • 7 
gm" of caustic potash in 30 c. c. of rectified spirit and 6 
gm. of phenylhydr&zine was coolpd to 0° and 5 gm. of 
carbon disulphide were propped in,, with constant shaking. 
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^-Propyl iodide (7‘1> gm.) was added. The mixture 
.was well shaken for some time and allowed to stand for 
an hour at the room temperature. * The solution was then 
acidified with a very dilute solution of acetic acid. The 
crystals were collected, washed with water and reerys- 
tallised from dilute alcohol. Yield 5 gm. It, formed col- 
ourless needles, m. p. 125°, which gradually decomposed 
on keeping. It Is very soluble in benzene, acetone, pyri- 
dine, hot alcohol and aqueous alkali. (Fpund : N=12*34 j. 
C 10 H h N 2 8 2 reqnires.N = 12*39 per cent.) 

Xx&vfc-PhenacyUxi-piropyl-phenyldithiocarbaziiiate 

Ph-NH N 

II 

C 8 H 7 S’C.S.CH 2 COPh 

► ♦ 

.was obtained by method {ii). It could not be obtained by 
methqd (*)• It is very soluble in acetone, benzene, and 
ether a^d was crystallised from a small quantity of alcohol 
, in yellow shining plates^ m. p. 56°. (Found : N== 8*22. 

C 18 H 2 oO]Sr 2 S 2 requires N==8T4 per cent.) 

• • 

trans- Pfrenacy}-benzyl A phenyldithiocarbazinate pould not 
‘be obtained either by method ( i ) or (ii). 

trans-}*- Met ht/lptfenacyl-methyl-pitenylditkiocarbazinatei 
obtained by methods (i) and (ii) -from ‘equivalent 
* quantities of ^-methyl-oj-bromoacetsphenone **and»methyl- 
phenyldithiocarbazinate, ' crystallised from not alcohol or 

1 Preparation of p- M ethyl -wArornoacetopheitone.—To 26'8 gms. of p-methyl* 
acetophoAoue dissolved in 120 gins, of glac/al acetic acid werp added 30 gma. of 
bromine dissaved in 40 c. c. of the same solvent. The mixture was wey shaken and 
heated in a warm vyiter-batli at#&0-60° for a few minutes until the red colour of 
bromine had completely disappeared. A current of dry air w m passed through the 
solution to dri\rp o££ the hydrobrojpits acid and the solution was poured on 400 gma. of 
prnshed ice. Aft&r (ihree hours the Crystalline solid was collected under suction and 
reorystallised from rectified spirit The .#ield # of pure product amounted to about 
*60 per cent, of that required hy theory. f - # 

The abova procedure, whi^h is a modification of ^KunckelUs method (Ben, 1897, 
30 , 577), can be quickly carried out ; tho product is Purer and the yield better (60 
per oent* as compared with 15 per cent, obtained by Kuuokell’s methqd), • 
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dilute acetone in yellow shining plates, m. p. 10 &- 110!; 0 It 
is vejy soluble in benzene, carbon disulphide and pyridine 
but only sparingly in' ligroin, ether and cold alcohol. 
(Found? C=61 r 53 ; f H=5*47. requires C-= 

61 ’81 ; H=5*45 percent.) 

The phenylhydrczone crystallised from absblute alcohol 
in j>ale yellow star-like aggregates, m. p. 124*5°. (Found : 
N=13*38* C 23 H 24 N 4 8 2 requires N= 13*34! per cent.) 

trans- p - Methylphenacyl - ethyl -phenyldithiocarHazinate 
prepared by method ( i ) or (u), crystallised from absolute 
alcohol ip sulphur-yellow plates, m. p. 95°. It is .easily 
solqble in acetone, benzene, pyridine and chloroform but 
only sparingly in ligroin, ether and cold alcohol. (Found : 
N'=8*23. C 18 H 20 ON 2 S 2 requires N = 8*14. per cent.) 
cis -Phenacyl-methyl-phenyldithiocarbazinate 

Ph-NH-N 

II 

« Ph-CO C H 2 S.C.SMe 

s 

was > obtained by methods (ii) and (iv) as pale yellow, 
slender needles. It was crystallised from dilute alcohol or 
ligroin. r It was extremely soluble in most other organic 
media ; m. p. 93°. (Found : N== 8*85. C 16 H 16 ON 2 S 2 requires 
N*=* 8*86 per cent.) , i 

cis- Phenacyl-ethyl-phenyldithvjcarbazinate, obtained by 
methods (Hi) and (iv), crystallised in pale yellow, soft 
needles from ligroin, m. p. 86 .° It was easily soluble in 
most organic media from which attempts to crystallise it 
were fruitless. (Found: C=61’31 ; Ht==&*49. f C 17 H 18 ON 2 S* 
requires C =6 i*3 1 ; 11=4*45 per cent.) * 

cis- Phtnacyl-n-propyl-phenyldUhtocarbazitiafe was 

objbained ,by method (iv\ From »ligroin it separated in 
pale yellow, silky needles, m. p. 61°. (Found: N = 8*28. 
C 18 H 20 ON 2 S 2 ^requires N--«= 8*14 per cent.) 

The corresponding benzyl derivative, crystallised from 
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ligroin in ’long, pale yellow needles m. p. 75.° (Found : 
0 = 66*94; H = 5‘35. C 22 H 20 ON 2 S 2 requires C= 67 34 ; H 

=6*1 per cent.) 

cis-p-Methyl-ptenacyl-methyl-pke'iylctitkiq/carbazinate 

* 

Ph-NH-N 

II 

MeC 0 H 4 COCH 2 S.C.SMe 

prepared by methods (Hi) and ( iv ), from raethyl-phenyl- 
dithiocarbazihate* and p-methyl-a>-bromoacetophencfle, 
crystallised from ligroin in star-like aggregates, m. p. 
54°, and was highly soluble in most organic solvents. 
(Found : N ==8 , 60.*Ci 7 TI ls ON 2 S 2 requires N=8*49 per cent.) 

cis-p -Methyl-phenacyl-ethyl-phenyldith i ocarbazinate 
'obtained in an analogous manner formed very pale 
*yelJow needles, m. p. 76-77.° It was highly soluble in nlost • 
organic media.* (Found : N==8*i0. C ls H 20 ON 2 S 2 requires 

N— .8*14 per cent.) , • 

*2-Met/iy lthiol-4i : "5-diflhenyl-l : 3 : 4 -thiodiazine. 


-Ph 


» * 

• Ph. C 


N 


-Nr 


C.SMe 


‘C1I- 


-S 


MethylphenyldithiocarbtfZinate (2 g.) was dissolved in 5 
c.c. of pure pyridine, an equal weight of a>-6romoacetophe- 

rg >g g 

none added, , and the 'solution, was*then boiled for about 
three minutes. The reaction-mixture was poqred into 
water w T hen ,an oil separated. The oil was dissolved in 
hot absolute alcohol and allowed to cool. A pale yellow 
crystalline ♦ precipitate* (1T7> g.) was obtained. *After two 
or three recry stallisat$»ns fn>rq a mixture of pyjidine and 
alcohol, the thiodiazine was obtained as’ pple yellow; hard 
prisms, m. p. 180°. * It w as sparingly soluble 'in alcohol, 
acetone or benzene ,but easily in ^pyridine: (Found; 
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C=64'42; H«=4*66. Ci fl H u N 8 8 2 requires G*» 64*43; H= 
470 , *per cent.) 

2-Ethylthiol-k : 5-diphenyl-l : 3 : ^-thiodiazine was 
obtained from molecular proportions of ethyl-phenyldi- 
thiocarbazinate and cu-bromoacetophenone in an analog- 
ous manner' It was found to be easily soluble In 
benzene, carbon disulphide and pyridine and separated 
from a mixture of pyridine and alcohol in pale yellow, 
transparent prisms, m. p. 150°. (Found: C*= 65*12; 
H = 5*27. C 17 Hi 6 N 2 S 2 requires C*=65&7; H=5*13 per 
cent.) The corresponding ^-propyl- and benzyl-thiol- 
*hiodiazines could not be obtained by this method. 

Conversion of Q\s-Phenacyl-metkyl-phenyldithiocarba- 
zinate into 2-Methylthiol-4b : 5-diphenyl-ilB : 4i-thiodiazine. 

( а ) One gm. of the c/s-compound in 25 c.c. of 
absolute alcohol was heated in a sealed tube foi four 
hours at about 100°. The cold alcoholic solution slowly 
deposited pale yellow crystals of the thiodiazine which, 
whe,n purified, melted at 180°. A mixture of this com- 
pound and that obtained by the previous method had 
the same melting point. The corresponding traps- com- 
pound, under the same conditions, also underwent con- 
version into the same thiodiazine. 

(б) The condensation was .also effected by heating 
the cis- or trant 9 -com pound for 15-20 minutes at 140-45°. 
Water was eliminated; a little sulphuretted hydrogen 
was also noticed. The pasty mass w r as dissolved in a 
small quantity of pyridine, diluted with a large excess 
of alcohol and* set aside for several days. The thiodiazine 
crystallised out very slowly in .transparent prisms which 
were purified by repeated repyystaljisation from a mixture 
of pyridine and alcohol. The pure product melted at 
179-80° and its identity with 2-methylthiol-4:5-diphenyl- 
1 : 3 * 4-thiodiazine was established by the usual methods. 
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2 • Ethylthiol-k : 5- diphenyl -1 : 3 : 4 -thiodiazine was similar- 
ly obtained from cis- and tfmws-phenacyl-etbyl-phenvldi- 
tliiocarbazinatej. # 

2>-xi-Propylthiol-\i:&-diphenyl-\ :S;j\i-thiodicLzine was 
prepared according to the method {b\ givep above. It 
separatee! from a mixture of pyridine and alcohol in 
almost white microscopic needles, m. p. 150-151*’. 
(Found:* C = GG*24; 11=007. C ls ll 18 N % S 2 requires C = 
GG'27; II = 5 52 per.cent.) # 

2,-Methylthiol-4:-phenyl-o-y>‘tolyl‘Y < 3 : Y-thiodiazine 
was obtained from ^yms-p-methylphenacyl-met^yl- 
plienyldithiocarbaziirate by method {a). It crystallised 
from a mixture of pyridine and alcohol in golden yellow* 

» shining plates, m.’p. 187°. (Found: 0=65*19; 11=5*18. 
0, 7 Hj,,N;>S 2 requires C=65'37 ; H = 5*13*per cen^.) Tbe 
/ds-cqmpound, however, wheif heated at 100° for three 

hours in Alcoholic solution, yielded the corresponding trpns- 

• • 

isomaride, m. p. 110°. , Tip* thtodiazine was not formed. • 
, Isomepit' Transformation of Met hylphenacyl-et hyl- 
phenyldithiocarbazinates. ** * 

Tlie ps-compound (1 g.) dissolved in 25 c.c. of alco- 
hol was heated at*100° for four hours* in a sealed fube. 
Pn concentration of .the solution a mixture of the iso- 
' meridqs was obtained. These were’ collected, dried in 
the air and the isomerides separated by taking advantage 
of the.greater solubility of the m-c.ompound in petroleum 
ether.’ .The tfra»s-compound, under ‘similar conditions, 
alas yielded a mixtqre of the two isomerides. EvMently 

the reaction is *eversibfe, thus: 

' * • 

•PJJ.NH.N * * Ph.NH.N 

• * ii ii 

. MeC 0 H. CO.CII.S.C^Ef ' . EtS.C.S.CH,CO.<ifH 4 Me • 

» • . . 

At a higher temperature (120-30°) intramtdeoular con- 
densation took place with the formation of 2 -ethylthiol- 
4i-phenyl-5-\i-tolyl-1 : 3:4 -thiodiazine. The thiodiazine 
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crystallised from a mixture of pyridine and alcohol in 
pale* yellow, compact needles or prisms, m. p. 148°. 
(Found; 0 *= 66*. 11 ; JI *= 5*65. C, s H, 8 N 2 S 2 requires G -= 66*27 ; 
H«5*52 pdr cent.) , 


* Constitution of the Isonierides of Phenacyl-ethyl- 
phenyl-dithiocarbazinate. , . 

<n«-Phenacyl-ethyl-phenylditliiocarbazinate (0'4 g.) 

t i 

was dissolved in 10 c.c. of anhydrous benzene. A little 
anhydrous copper sulphate was added and the rilixture 

i * 

was allowed to stand at the room '■temperature. The 
copper sulphate gradually turned brown and ultimately 
black due to the formation of cupric ’ sulphide. After 
48 hours the mixture was filtered and the filtrate was: 
evaporated. The dark coloured oil left behind was washed 
with ligroin. It hardened in the course of several hours 
and was twice recrystallised *frofn a mixture of pyridine 
and absolute alcohol. The product, pale yellojv needles 
ra. p. 150°, was found to be identical with 2-ethylthiol- 
4 :5-diphenyl-l:3 : 4-thiodiazine (vide p. 210). The yield 
. was aboufc 45 per cent. 

tfraws-Phenaeyj-ethyl-phenyldithiocarbazinate, under 
similar conditions, gave, after removal of benzene, a 

|L 

mixture of the original compound together with a little 
of the <?as-isomeride. There was practically no improve- 
ment even when the solution was allowed to. stand 
for a week. 

• * 

I desire to convey my thanks to Sir'P. G. R&y for 
his interest and encouragement dicing the course of the 

investigation. 

« ' 

University College op* Science 
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Calcutta. Received March 22 , 1926. 
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A Note on the Variable Tannin Content of 

the Wood of the Kumaon Oak 

C Quercus incana). 

By 

• <% 

H. S. Chatukvedi and E. R. Watson. 

We became interested in the tannya content pf the 

wood of the Kunvaon oak when we found that the bark 

<• 

alone is n’ot available in sufficiently large quantities to 
make a commercial proposition of the manufacture of 

• % I * » * • 

tannin extract from that'material. , 

Pilgrihi (Indiqh Tanstuffs, 1920) found 4-91 per 
cent, .tannin, 4-27* per cent, soluble non-tannins in a 
sample of the wood tupplied by the Inspector General of 
Forests, Simla. ’In a preliminary examination 6f a small 
•samplq supplied by Mr. Gill, from R^m^arti, near I^ainital, 
we fo\md aboqt 3 per cent, tannin and 2 pfer cent, non- 
tannin, and colour about 3 -3 times as dark as decolourised 
Frendh chestnut extracts. We tlfen .obtained about 20 
maunds of the wood through the Divisicfnal Forest 
Officer, Nainital. Thin was supplied from Bhowali (near 
Nainital) in*March and .on analysis gave dnly 0-8 per 
cent, tannin. 8 # * 7 per ctfnt. soluble non-tannins and 20*2 
fellow, 14*0 red (colour. in l fm. tube for 0*5 per cent v 

. « ^ • i 

tannin content). • . * , 

One of* us paid £ visit to the *Nainit*al district in 

November* and selected samples, from Bhowali hnd 

• ♦ 
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Ramgarh, of young and old trees', main stems* and 
branches : these on analysis gave the following results : — t 


• 

Sample. 

m * - 

Moisture. 

Tallinn . 

4 Soluble 1 
not» -tan* j 
nin . i 

l 

Colour. 

Yellow. Red. 

Young stem (Ramgarh) 

9 1 

3-6 j 

i 

3*9 

• 

10*5 

70 

• t 

Young stem (Bhowali) 

9-6 

j 1-9 

f 

4*2 

71 

5 • 2 

« 

Mature stem (Ramgarh) « 

16 6 

3 8 

2 7 

t 

8*6 

6*4 

Mature stem (BhowaM) 

8 • 6 

3 0 

1 i- - ° 

! *0 i 

14*6 

8-7 

* * 
Mature branches (Ramgarh) 

7 1 

4*2 

i 

! 3 9 

10-7 \ 

6*5 } 

^Mafcarfc branches (Bhowali) 

10-1 

i 3 * 5 
i 

j 

12 1 

7 1 

Young branches (Ramgarh) 

8-6 

3*8 

2 4 

10*9 

5*9 

Yoang branches (Bhowali) 

91 

j 32 

4' 1 

8-4 

5 * 0 

i 


* A consignment of 1 ton was then ordered from .the 
Forest Ranger, Bhowali, who had supplied the previous 
consignment anfl had helped us in getting shmple3 in 
November. He supplied wobd from the main stem 
and branches of old trees from Rarpgarh anti to our 
great disappointment this on analysis gave 


• 

O 

Total sdiublp 

<■ 

n 

Tannin. 

Soluble non- 

[< 

Colour. 


matter. 

* 

tannin. 

Yellow. Rod. 


(«) 

e 3 7 c 

1 *5 

> — - 

2.2 

28*3 

16-7 " 

(*>) 

>12 

1*7 • 

O . K ! 

- o I 

30*4 

i' 

ft-o 

.. „ J 


--- , .... , " 

This consignment was supplied in August. 


Evidently the percentage of tan h in in the wood varies 

Q u 

in a most capricious manner and^ considering that the 
tannin is always on the low side, the wood does not seem 
worth farther consideration 'as a Source of tannin extract. 

TBCHKOLOGirAr.' iNPjflTUTE, U fc P. ' Received, May 4, 1926. 

Caw.vpork. 

t 



The Oxidizing Action of Alkalirife Ferri- 
cyanide and the Composition of Higher 
Oxides of Cobalt. 

Br 

Dayanan^a li ha du hi and Priyadaranjan Ray. • 

• * • 

Potassium ferric vanide in alkaline solution has been 
used extensively as an oxidizing agent and its use has led 
to the development of many important analytical methods. 
.The present work was undertaken in order to investigate 
its oxidizing action upon cobalt anti nickel, salts, Jthe 
constitution of their higher oxides, and the possibility 
of establishing a rapid volumetric methpd for^ their 
estimation. . . • * * ' 

A number of Higher oxides of cobalt have been des- 
cribed, viz?, Co 2 O a * Co;ArCo.A, Co A> Co ti O ; , Co 7 0 n , Co A 
and £oO.,. It is extremelv doubtful whether all of them 
have separate* existence: most *of them are "simply, 
mixtures of tyro or more definite oxides.* It is also quite 
possible that different oxidizing ag’ents behave differently 
•towards solutions of cobalt and nickel sqlts leading to 
products of different compositions. Lately, however 
Howell has ’thoroughly studied the constitution of the 
higher oxides of cqbalt ( J ’ Chem. Soc ., 1923, 123*, 65) and 
of nickel # {J. Chem. Soc., 1923, 123. 669; 1772) 

obtained Jiy .the action*<5f alkaline hypochlorite ^solutions. 
In the case of cobalt the only definite oxide obtained by 
him was Co 2 0 3 . Tn file* case of«nickel thp oxide.*NiA aiid 
an unstable peroxide, NiO a were obtained. • The .action of 
alkaline ferricyanide upon cobalt salts, which forms the 
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subject of the present paper, indicates, however, the exis* 
tenco of Co 3 0 4 and Co 2 0 8 as definite oxides and a higher 
one of the peroxide type. Nickel, on the other hand, was 
found to be .very little affected by alkaline ferricyanide 
showing that it is much less easily oxidized than cobalt. 

The oxidizing action of potassium ferricyanide depends 
upon the .fact that, in alkaline solution m ,the presence of 
an c oxidizable substance, it is reduced to ferrocyanide. 
Kassner (Arch. Pharm ., 1896, 235, 330} studied the 

behaviour of the ferricyanides as oxidizing agents, the 
nature of the oxidation and the conditions under which 
fhey ' can be used to ^ best advantage. He found that 
potassium ferricyanide solution when mixed with potas- 
sium hydroxide solution, was stable in the dark at low 
. temperatures only ; < when heated to above 60° or exposed 
'to direct ‘Sunlight, it was partially decomposed, fetric 
hydroxide was deposited and the solution contained 
ammonia and cyanide. Wheij alkali carbonate was substi- 
' tuted for the hydroxide the extent of the decomposition 
was 'Considerably less and was reduced slill further when 
an alkali bicarbonate was employed. According to him a 
permanent ferricyanide solution bath f for oxidizihg and 
bleaching purposes can be maintained in the dark at a 
temperature .below 60?. But the decomposition ©f the 
reagent itseli: under the conditions of . experiments 
described in thfe paper has been shown to be negligibly 
small and T not seriously to affect the' results of .a quantita- 
tive study of' the reactions. 

(jr 

« 

Experimental. 

Stability of A Ikaline Ferricyanide^ Solution. 

i 1 

« 1 

Three small beakerp were taken. The first Contained 
a strongly alkaline solution of potassium ferricyanide ; 
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the second, the same solution in contact with a filter 

* paper ; the third, an alkaline solution of pota§sium ferro- 
oyanide. All, were left exposed to th$ air, ahd, qfter 45 
minutes, portions frbm each of theip were tested. No 
ferrocyanide. was detected in the first solution ; only a 
green colouration with acidified ferric-alum solution was 
obtained in the eecond solution and the third gave no test 
tot ferricyanide. This proves that alkaline ferricyanide 
solution alone, in the absence of direct sunlight is fairly 
stable to air and if an> change takes place at all it must 

* be very slow. In the presence of organic matter^ like 
filter paper a slight decomposition .occurs which can als»J 
be neglected for all practical purposes in such rapid 
analytical operations as were followed in the present 
investigation. 


Procedure. 


, ^.n alkali solution was prepared and the strength w$s 

daily determined .with a ’standard acid solution. A solu- 
tion of JV/^0*KMaO 4 wag. prepared and its strength ‘was 
’determined against* chemically pure potassi’.m ferrocya- 
nide. ‘Crystals (If “Merck’s .Reagent” potassium, 
ferricyanide were washed and dissolved irf water. The 
solutfbn was made up to a definite volume and its* strength 
determined daily against *the permanganate solution. A 
solution of “ Merck’s Reagent ” potassium *hydroxide was 
made # and tb£ amount of KOH and R 2 C0 3 per c.c. of the 
solution was determined daily. • 

Two series of experiments were performed. In the 
first, the amount of alkali was kept constant while the 
.amount of ferricyanide was progressively increased; in 
.the second, the alkali Was gihdpally increased while the 
amount qf ferricyanide was kept constant In the* first 
series the amount of, alkali employed was in excess of that 
required for the precipitation of, all thp cobalt* as cobalt 
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hydroxide and for the complete oxidation of the latter to 
the Co0 2 stage. In the second series, the amount of 
ferricyanide used was in excess of that necessary for the 
complete oxidation ot all the cobalt to the Co0 2 stage. 
The estimations were then carried out in the following 
manner. A definite volume of chemically pure nickel* 
free cobalk nitrate solution containing a known amount 
of 6obalt was run ijito a beaker from a burette and-' made 
upjto 50 c.c. with water. Standard feri^cyanide solution 
was run from a burette into a measuring cylinder contain- 
ing^ tjie required amount of alkali previously introduced 
fhto it from another buoette and made up to 100 c.c. with 
water. This was then slowly added to the cobalt solution 
with continuous stirring. The cylinder was washed with 
.another 1G0 c.c. of water and the latter was added to the 1 
cobalt solution thus making the total volume up, to 
250 c.p. The mixture was then thoroughly stirred with 
a ‘mechanical Stirrer for about half an hour and transferred 
to a v 500 c.c. measuring flask, the beaker was well, washed, 
and the Washings also added to the liquid in ‘the flask. 
Water was then added up to the mark and the flask 
thoroughly, shaken. The solution was filtered through a 
dry filter paper ; first 20 — 25 c.c. of the filtrate were 
rejected and then 100 c.c. of the filtrate were acidifiecf with 
dilute Sulphuric acid and titrated with KMnO t solution.- 
Table I gives the results of the first series of experiments. 
These results have been ' plotted on a curve in Eig I. 
The equivalent amounts on the graph are calculated on 
the basis of the amount of cobalt taken a§ ,unit equi- 
valent. Thus one equivalent of a'vailable oxygen is the 
amount necessary for the conversion to CdaOa of all the * 

#4' 0 ^ W 

cobaltous 'oxide corresponding with the amount of the 
cobalt salt takefi. Thp equivalents ofcalkali and "ferricya- 
nide have also been represented on the same basis. , In 
the case of the alkali, however, a neOe&aatfy deduction has 
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• I 

been made for the precipitation of the cobalt as hydroxide 
from the solution of its salt. 


, »Tabl* I. • 
Cobalt taken ■» 0*09 gm. 


• r 

• i 

Kon 

k # co 4 

♦ 

Total nlkftli. 

» 1 

Potassium ferri- 
cyanide. 

! Equivalents 
of available 
• oxygtfh. 

. a.. [ 

' 




1 

• 

0-7376 ft. 

0 0199 

* 

0 -7575 p. 

0*16 * 

= (1-2986 eqr 

■ - « 

0-2852 

0-7376 

• 

0-0857 * 

0-7624 

0 20 

= 0-3981 „ 

0-38*0 * 

0-7370 * 

0mi806 

0-7576 

0*26 

=0-5175 

' d-5100 

0-7*70 

0 * 0206 ♦ 

0-7576 

0*^35 

=0-6870 „ 

0-6690* . 

0-7387 

0 0163 

0-7540 

0 38 

= 0-7564 

0-6690 

* 0-7370 

0 * 0206 * 

0-7676 

0*4* 

=0-8958 „ 

0-8920 

• 0-7387 

• 

0*0153 

• 

0-7640 

0*50 

*=0-9953 

, 0-9000 

0-7387 

0*0153 

i 

0 -7540 * 

0*60 

= 1 1944., 

i 0-9160 

0 7370 ' • 

0 0206 

0-7576 

0*70 

= 1-3935 . 

! 0-9240 

• 

0- 7*370 

0*0206 

0.7676 * 

0*80 

= 1-5924 „ 

; 0*9320 

0-7370 • i 

0*0206 ’ • 

0-7576 

0*90 

= 1-7918 

j 0-940Q 

. 0-737P 

0*0206 # 

0-7576 

1*00 

= 1-9905 „ 

: 0-9480 

0-7370 • 

0*02()p t 

0-7576 

1 * BE* 

• 

= 2-6874 „ 

0-9720 

• 

0-7370 

0 0206 

0-7676 

2*00 

= ? '9810 .. 

•! 0*9680 

0-7370 

0**0199 

0-7575 

3*tK) 

• = 5-9718.,, 

1 # 0*9960 

0-7*76 

■A 

0*0199 

0- 7575 

4*00 

= 7-9624 „ 

1*0040 

0 

0-7367 

| 

0*0221 

0-7688 

5*00 

= 9-95^0 „ 

1-0600 

0-7067 

• 

£ 0221 

0-7588 

000* 

= 11-9440 „ 

\ 1-0600 

0-7374 • 

0*0262 i 

0-7636 

7*00 

= 13-9350 „ 

,1-0680 

■ ■■ - - 

• 

» - • 
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Discussion of Results 'obtained in the First Series of 
* ♦ ** * # • 
Experiments. 

It will be observed’ from tl’ie curv.e that when the 
alkali-sMength is kept constant (about 6 '64 equivalents), 
an increase in the * amount of available oxygen in the 
oxide formed ocfcuife ^ith an increasing amount of ferri. 
* 6 
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cyanide. The increase in the first four experiments i« 
veiy f rapid. After this there is a break or arrest in the 
curve corresponding with the composition, Co,0 4 (oxygen 
equivalCntsO * 66). * Then the avUilah’e oxygen increases 
rapidly to a point slightly below the composition 
of Co,O s and subsequently slowly to Co,0 9 . Here It 
remains practically constant at about 1*0$ equivalent of 
available oxygen even with further increase in the 
amount of ferricyanide added. The final product 
obtained is therefore practically pur6 Co 8 0 8 , slightly 
peroxidized. From the nature of the curve it is apparent ■ 
that uo direct peroxidation of cobalt occurs under these 

conditions. The cobaltous oxide is first oxidized to Co 8 0 4 

* 

and then to Co 8 O s ; six to eight equivalents of ferricyanide 
were actually reqyired to carry the oxidation to Co 8 0 8 , 
even in the presence of an, excess of alkali. Theoreti- 
cally, one equivalent of ferricyanide with one equivalent 
of alkali cdn carry the oxidation to Co 8 O s and two 
equivalents of ferricyanide with iwo equivalents of alkali 
are sufficient for oxidation to, the CoO s stage. The 
results, therefore, indicate that the reaction does not proceed 
to completion in the s$nse of the following equation : — 

o 

2Co(OH), + 2KOH+2K,Pe(CN) 8 =Co,O s ^2K 4 Fe(-CN) a + 3H I 0. 

In fact, the maximum degree of oxidation experi- 
mentally realized even with a very large excess like 
fourteen Equivalents of ferricyanide was only slightly 
above Co 2 O s (1*065 equivalents of available oxygen). It 
shows that as the degree of oxidation increases, the 
system tends to oppose further oxidation. This could 
not be due to any coating of a higher oxide over ' the next 
lower one thus preventing . further oxidation, as the 
mixture in every case was thoroughly stirred^ with a 
mechanical itirrer for a definite period. On the other 
hand ‘oxidation to Co 8 0 4 becomes complete with a requisite 





Equivalents of alkali. 
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• I 

theoretical amount of ferricyanide (=0'67 equivalent), 
‘according to the equation : — 

3Co(OH), +2KOH+2K,Fe(QN). =* 
Co,O.+«K 4 fI(0N) b +4H,O. 

The second series of experiments (Tab\e II, Fig. II) was 

9 * 

performed in the same manner as the first : the amount 
of potassium ferricyanide (3*6 equivalents) was kef>t 
constant, while the amount of alkah was gradually 
increased. . 

• • 

, Table II. 

• * Cohalt taken ** 0*09 gm. 


KOH 

• I 


Potassium 




ferricyanide 

1 Equivaa 



.K.CO, 

Total alkali 


lents of 

• 


in grains 

in grams. 


available 

ir* grams 

* 1 

in equiva- 
lents.* 

* 

> 

. 

lo i2£T 

L _ J 

• oxygen. 

• 

0-8009 

- 1*515 

• 

0-0087 

0-3096 

1*8 3*6 

* 

0-7090 

A 

,0*4006* 1 

2-679 

0*0116 

• 4 

. 0 4121 

• 

*0-8920 . 

0-6000 

3-841 

• 

0 # 0146 

0*6746 

• 

M M 

0*9400 

• 

0-6906 

5-006 

5 0168 

* 0-6164 

II 

• 0*9480 

• « 


j 



i 

0-6092 

6- 168 

0*0194 

0-7188 

II 

' 0*9640 


• 

a * 



• 

0-7646 

6*8 U 

• 00219 

0-7764 

• 

0*9720 

,0-8983 

9*494 * 

0-0260 

0-9243 

n 

0-9880 

i 

0*9978 . 

9*656 

i 

0*0290 

, 10269 

»» 

0*9960 

1*0974 

10*820 

0 0319 

1-1293 

ii 

*1-0040 

f 

1*1070 * 1 

1! 984 

0-0348 • 

1-2318 ' 

II 

1*0120 

i 

1*7960 j 

# 18-981* 

• 

0*0520 

1-8480 

II 

1*0480 

a 

2*0007 

21-875 

’ a 

0-t)54J 

i 

2-0648 

>1 

j 10520 

2*6037 

27*249 

0-0676 • , 

, 2-6713 

»» 

1-1630 

l 

8 0023 

83-0/V, 

0*0811 * 

1 3*0834 

»l 

1-1870 

8*9900 

• 

44-612 

0-1444 • 

4-ft0J^ . 

19 

♦ 1*2110 « 

4*9875 

66; 791 

! 0-1755 

• 

5-1680 

• 

” • i’ 

• 1*2210 


_ IL* 


# Equivalents of alkali havJbeen calculated by subtracting 0*1712 gm. in teach 
case, for this amount of alkali iwae required to precipitate the oob&lfr aa Co( OH) # 
from the solution and so playea no* part in the oxfdation of4he oobaltous hydroxide. 
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Discussion of Results Obtained in the Second Senes qf 
Experiments. t ' 

Here rapid oxidation occurs up to a point slightly 
below the composition of Co 2 0 3 lbhen l the rate slows down 
but as far as it has been investigated the oxidation 
prooeeds continually through Co 2 0 3 to a peroxidiged state 
corresponding with 1 * 22 equivalents of available oxygen. 
Ac in the previous series, no direct peroxidation, occurs. 
It can therefore be concluded that in the .presence of an 
expess of alkali the extent of oxidation is increased, other 
conditions remaining unaltered. Peroxidation becomes 
• prominent in this qase only with. 3-6 equivalents of 
fierricyanide. Oxidation to the Co 2 0 3 stage with this 
amount of ferricyanide is effected With about eleven 
equivalents of alkali. 

In Fig. II, as in Fig. I* a bend occurs at about‘0‘9 
equivalents of available oxygen, that is a little r below the 
composition of * 0o 2 O 3 . Thr9n ( the degree of oxidation , 
increases steadily but' at a much slower rate to beyond the 
OojO, stage. Hence it is apparent th at the preparation 
of pure Co 2 O s in presence of a very lalge excess of ‘alkali 
by the addition of torricyanide would !be very difficult. 
The product in* that case would probably consist of a 
mixture of Co 2 0 3 with either a still higher oxide likfe 0oO 2 
or a lqwer oxide like Co 3 0 4 . Here also as in ‘the first series 
the oxidation * is never ( quantitative. Excess of qlkali, 
however, raises the oxidizing potential or capacity of 
ferricyanides to a certain extent. Two series of experi- 
ments in which the reaction was allowed to proceed to com- 
pletion were then performed to ascertain the 'influence of 

c s * * ^ t 

the concentration of the reacting substances upon the 
lesulte ojbtained. The results (Table JIT) show that the 
concentrations,, of the reacting substances have no influence 
on the reshits obtained. 
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Table 111. 


Cobalt taken =0 • 09 »gm.* 



.! 

•KOH. i 

1 

1 

A.OO,. 

» 

Total 

alkali. 

t 

• 

K.Fe(CN), j 

1 

Volume. 

I 

• 

Equivalents 
of available 
oxygen. 

• 

• 

First 

Series. 

0*9978 g. 

0 0290 g. 

* • 

10268 g. 

l-8g. * 

126 to600c.c. 

• 

0-996 

• 

f 

V 1895 g. 

0 0322 g. 

1*2217 g. 

»» * 

126 o.o. 

1*012 

Becond J 
Series, j 

• 

ft 

> > 

I 

t » 

»> 

260 

• ‘‘Pi | 

» P 

\ 

• 

» » 

; .. 

i ( 

s 

600 

1*006 

• 


The influence of temperatures below that of the 
decomposition of alkaline potassium ferricyanide solution 
upon the final 'results was then studied. The reacting 
, solutions were brought to the required temperature. Beforp 
mixing. Then they were mixed and the reaction was 
allowed to. proceed to completion at the same temperature 
*( thermostat). Th<! results (Table IV) show that tem- 
perature has no; influence on the fihal results obtained^ 
provided it is not very near that of the 'decomposition of 
potassium ferricyanide solution. 


• Table IV. • 

Cobalt taken 7=0- 081 gm. ; alkali =0-67gm. ; * 
K 8 Ee(CN) 9 =6-3 gm. * 


• 

Temperature °C. 

Availablt\^ygen calculated from 
the results iu Table 6. 

Available oyagea fowl 


• 


,j * " 

o“-*ar i 

♦ 

i 

• 

0 1098 gm. * 

0* fl gm. 

• 

i 
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The following results (Table V) show that the degree 
of oxidation,as determined by the estimation of ferrocya- 
nide in the filtrate ,is very little affected by the time of 
contact of Che precipitated oxide wiifh the solution. In 
these experiments po time was allowed for stirring the 
mixed solution. Corresponding results obtained with 
stirring are also placed side by side for comparison. 


Table V. 

Cobalt taken ■= 0 • 09 gm. ' 


KOH. 

i 

K,CO,. 

i 

Ttytal alkali. 

Ferrioyanide. 

* 

»* 

Available 
oxyiren with- 
out Btirriog. 

Available * 
oxygen with ( 
stirring. 

2 0007# j 

0 05-il g. . 

r. 

2 0548 g. 

c l-8g. 

*. 

0*0127 g. 

« 

.*0 ■ 0126 f 0-0128 

2-6037 

0 0676 

2*^713 

18g. 

0*0143 

l 0 

0-0142 

3.002J* 

,P* 08U 

3 0834 

1-8^. 

i 

4)0146 

c 

r — 

6- 0144;0-0145 


t i 1 t 

It has already* been indicated in Table II that slight 
peroxidation* occurs above a certain concentration of 
alkali vrhen the amount of ferricyanide remains constant. 
The above experiments in Table V correspond with the 
conditions which give rise to the formation of -this 
peroxidfced product. Hence these results show* that the 
reagent is not affected catalytically to any. appreciable 
extent by the decomposition of- “the peroxide formed, 
though the latter may undergo some decomposition by 
long stirring or keeping,, ab indicated, by the results 
recorded in Table VI; 

In a s‘et of experiments the results of which are 
recorded in Table VI hotty the filtrate \ and the precipitated 
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oxide were analysed. It will be observed that in the first 
three experiments the available* oxygen found in the 
precipitate is less than that calculated from* the filtrate. 
The Oxide CoO t is de*com posed by water and the low value 
of oxygen in, the precipitate was possibly # due to the 
decomposition of the peroxide by the washing necessary 
to free it from forricyanide ; when no peroxiddtion can 
possibly occur, the two values agree closely {vide Table 
VI, Expt. 


Table VI 

o 

Oobalt taken = 0 ■ 09 gm. 


• 1— j 

KOH ! 

* 1 

| 

1 

k.co, 

• 

\ 

* s 

Total 

, Alkali. 1 

} # 

! • 

! Ferricya- 
1 nide. 

| 

Equivalent of available oxygen 

• 

from the filtrate. 

in"the pre- 
cipitate. 

2-0007 g. 

; * 1 

j 0 0641 g. 

• * 

| 2 0548 g. 

1-8 g. 

• 

t 

1 049 • 

• 

! • 

0-95 

2 -508? „ 

.0 0676 * 

| 2-6713* 


. 1-164 • 

• 

•1-061 

3 0028 

| 0-0811 

3-0834 

• 

1 1 

1-18 

1 p88 

0-0887 

j 0-0163 

0-7640 

0-39 

0-795 * ■ 

0-788 

* 

1 

.J 

■e 

• - J 

• 


The presence of • nickel salts beyond a cerfiain 
concentration and iron stilts in general give low results and 
retard the oxidation of cobalt even when the amount of 
ajlkali is sufficient for Ike Oxidation of cobalt* to the' 
Co,0 8 stagey allowing for what is required for .the, precipita- 
tion of nickel and iron as their Hydroxides. This, is 
evident from Tables VlL, VIII and IX. 
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Table VII. 


Oobftlt token 


*’0*096 g. v 


• 1 

Niokeli added. 

4 

« 

Available ox/gen 
found. 

« 

Available oxygen 
without nickel. 

0 0186 r. 1 

0*01327 g. 

<, 

, 0*0180 g. 

0 0*78 
« 

00130 

• 

♦ * 

00400 

1 

0 0129 

| i 

• *» 

0 0682 J 

0 0124 > 

* * 

0 0964 

. 1 

00108 | 

t i 


* Table VIII. 


Cobklt taken.' 

i • 

, Iron added. 

t 

t 

Available oxygen 
i found. 

1 • . _ 

Avq'lable oxygen 
without iron. 

• 

« 0948 g 

4 

_ n 

0*0046 g 

0 0064 

i •* 

0*0066 g. 


0-0111 

0 0063 

4 


0*0222 

<• j 

00052 

f * 


i* 

. 00888 i 

1 

! 00047 i 

1 

i 
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From the last table it will be observed that in pre- 
sence of iron a very large excess of the reagent mixture 
is necessary to oxidize the cobalt to ’Co 2 0 3 stag& 

An attempt wa^ also made to study the constitution 
of higher oxides of nickel by oxidation with alkaline 
ferricyaijide. * Two higher oxides, Ni a Q d and NiO a have 
been described by earlier workers. Howell ( loc . cit.) 
has definitely established that by oxidation with alka- 
line hypochlorite solution the two oxides NiO a and Ni a O, 
are formed simultaneously, that the former is unstable 
and decomposes readily to NiO, and that the sesquioxicle 
is not oxidized directly to the peroxide. 

The oxidation of nickel by alkaline ferricyanide wasj 
studied in exactly the same manner as in the case of 
cpbalt ; chemically pure nickel free *from cobalt was 
emplby.ed Tables X and XI indicate the results obtained. 


Kon 
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Table X. 


Niclcel used =0*040 gm. 

a • *“ • 


• • 

* 

• 

• 

m 

K,CO t 

TotfJ alkali 

K,Fe(CN)„ 

m 

Equivalents of 


• 

• 

available oxygen 

• 

% 

0 0100 g. 

0 (>225 g 

0 14 p 

. 0 012ft 

It 

” • 

0* , 

00172 

• 

»t 

0 84 „ 

j • 0 0215 

• ” 

* *> 

1-54 „ 

• 

0 025b 

" • 

1 


2 38 „ i 

• 0 0387 

t • • 

»» * 

. 1 

»» 1 

1 

* 3 38 „ 

06430 


1 

». • 

• 4 62 „ 

0 0473 


• 

• 

• 

• 

• " 

M 

• 

6 16 ,? 

00646 

* . , 



7-14 • 

\> 0730 

„ 

1 

. 4 . 

• • 

_ - 
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•Table XI. 


Nickel usedrsO’OS^^m. 
«* 


( 

KOH. 

( 

K,CO a 

Total alkali. 

K 3 Fc(CN) e 

. 

C 

Equivalents of 
available oxygen. 

0 7521 

0-0121 g. 

0-0642 g. 

17 g. 

(T0300 ‘ 

1 12663 „ 

00203 

i 

1 2306 

t 

1 *1 

0-0344 

V9091 t „ 

00306 

1-9397 

»♦ 

0*0430 

3 '1947. .. 

1 

0-0512 

3-2459 ' 

»» 

0-0730 

4-4803 

| 0*0718 4 

45521 

»» 

| 0-0817 


Equivalents pf available oxygen have been cal- 
culated bn the basis of nickel used f unit equivalent 
being the stoichiometric amount necessary' for the 
conversion l of all the NiO to ( tlie sesquioxide Ni^Oa- •: 

From the above *data it becomes apparent that with a 
constant amount of alkali, the amount of available oxygen 
increases very slowly with the increasing amount of 

ferrieyanide, though the actual dhioant is very low. 

* * 

Similarly, with a constant quantity of ferricyanide, increa- 
sing the quantity of alkali raises the available oxygen- 
content of the precipitate, fibre also the actual amount 
of increase in the available oxygen -content is very small, 

.( o { 

though the rate of increase is so'inewhat mpre rapid than 
in the previous case. With a very large constant excess 
of potassium ferricyanide the extent of. oxidation in- 
creased at a greater rate than is .indicated in Table XI, but 
in all ttiese cases the extent of oxidation was very small v 
* It* r can therefore Ije ‘concluded that nickel is mucjti 
less easily oxidizable than cobalt. In othe? words, for 
the samb equivalent amounts of nickel and cobalt, a 
greater ■ concentration f of a giyeh oxidizing agent is 
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required fdr nickel. The concentration of alkaline ferri- 
cyanide which oxidizes cobalt to t the sesquioxide Co%O a , 
fails to form a higher oxide of nickel. 


Summary. 

W 

(1) . Alkaline /erricyanide under certain conditions 
can oxidize cobaltous hydroxide readily and quantitatively 
to Co a O* 4 . Rapid oxidation proceeds up to a little below 
Co 2 O a then further oxidation progreases extremely slowly. 
The oxidation of cobaltous hydroxide is gradual and 
progressive. No* direct peroxidation or simultaneous 
formation of two ^higher oxides from <5o(OH) 2 ,fias bean 
detected. . The formation of two definite oxides Co 3 O t and 
Co,0. v h*as been established and that of a peroxide, Co(X 
•indicated. 

(2) . ’Other factors remaining unchanged, alkali in- 
crease* the extent . or degree of oxidation. With very 
large exoess of ajkalt appreciable peroxidation occui^. 

(3) . Under certain conditions, with a limited amount 
• # * • * # 

of alkali and excess of fcrricyanide, practically pure Co 2 O a 

can be obtained. * 

• * 

(4>). Temperatures up to 42° C and variation of the 

concentrations of the reacting solutions have no.effect upon 

the character of the ^product obtained. 

» * • 

(5). The time of contact of the precijfitate with the 

oxidizing Solution has ' no effect upon the nature of the 
final product up ta . the •Co.O, stage. Pergxidize^ 
cobalt loses a part of its oxygen as. shown in tfable.VI, 
but the alkaline ferrd- or ferri-cyaniie is not ’affected in 
any way thereby (Tq/ble V). 
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v c 

(6) . The presence of nickel salts beyond a certain 
concentration and iron salts in general appears to retard* 

the oxidation of cobalt. 

< 

(7) . Even with a large excess of alkali and ferri- 
cyanide only a very small fraction of nickel is oxidized. 


r 

Chemical Laboratory, 

Presidency College. 

f Rlcriretl, April 24, J926, 


Chemical Laboratory, 
University College oe Science. 



The Recovery of Sucrose frqyn Cane-sugar 

Molasses. 

BY 

E. R. Watsoh, K. C. Mukekjee, the late D. N. 

• Gupta and H. S. Chatokvedi. 

It is well known that a considerable quantity* oi 
sucrose remains in molasses, being prevented from crys- 
tallising by the* presence of other substances. Sucrose 
•is recovered on a commercial scalfe from beet-sugar 
molassesby precipitating th» difficultly soluble strontium ' 

sucratc, yrhicli is collected, washed and decomposed by 

* • « 
canbonic acid, which precipitates strohtium carbonate 

and liberates pure t sucrose in solution ; or more economi- 
cally by the Steffen process which uses lime instea’d of 
'strontia, and precipitates the difficultly soluble tricalcium 
sucrate. , In practice the tricalcium sucrate is* never 
decomposed by carbonic acid directly bdt is added to 
fresp * juice, instead of its equivalent of /lime, and is 
.decomposed In the carhonation process, so that the 
suerpse recovered from the molagses is added to a follow- 
ing ' batch of juice. The authors* have never seen any 
data as to the yield and purity of sucrose reeoverable 
from beet-sugar molasses by the Steffen process.* The 
authors a/e ^informed* by Mr. Noel Deerr that in Europe 
, nearly all sugar factories are equipped for the Steffen 
process and that whether the.molasses. is treated by tlfis 
process or sold for tpe manufacture of cattle food depends 
on the relative prices of sugar and molasses at* the tijne. 

It is stated in tile literature , that qane-sugaV molasses 
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cannot be treated by the Steffen process owing to the 
presence in ^it of a considerable quantity of invert sugar 
which would be decomposed by lime giving dark-coloured 
and troublesome decomposition products. 'One sugges- 
tion for the recovery*of sucrose from cane-sugar molasses 
is to ferment it by a special yeast that acts on the * invert 
sugar only, then to distil off the alcohol and recover 
sucrose from the spent wash by Steffen’s process. Appar- 
ently there are yeasts which under carefully controlled 
conditions will ferment invert sugar and leave sucrose 
unattackbd but it has not yet been possible to operate 
with these yeasts on a manufacturing &9ale. 

.Battelle’s process ( J . Soc. Chem. Ind., 1912, 31, 1195; 

1915, 34, 916 ; 1919, 38, 781a) for manufacturing sugar 

from sugar-cane contains the essentials of a method for 

recovering sucrose from can,e sugar molasses. In this 

process the juice is heavily limed and Subjected to a 
# * * * 

vigorous boil which decomposes invert sugar in the jiijee 

with production of coleurless or light coloured substances 
instead of those dark -coloured products obtai/ied by the 
action of lime at lower temperatures. ‘The juice is ‘then * 
sarbon&ted, etc., as in' .the ordinary process for manufac- 
turing sugar 'and* the molasses left, after the sugar has 
jrystalliscd, is like beet' sugar molasses in character (since 
it contains no appreciable quantity of invert sugar) and 
is treated by Steffen’s process. 

Battelle’s process' has, been given a trial on a large 
jcale. Undoubtedly it gives a larger yield of sugar from 
he juice but the increase of yield has not been considered 
lufiicient to justify the additional plant and ^treatment 
lecessary. 

‘ With' .slight modification* the process would seem to 
>e suitable for the recovery of sucrose from cgne-sugar 
molasses as a proccsS by itself, viz., by diluting the 
molasses and boiling wi(h lime to 'destroy the invert 
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sugar, then precipitating the sucrose as tricalcium sucrate 
filtering and treating with carbonic acid to liberate 
sucrose. The present investigation is an examination of 
this process. * 


Preliminary Experiments 
(Performed by this late 1). N. Gupta.) 

Precipitation of Suci'ose by Lime. 

It„‘ appears that it is necessary fo use freshly burnt 
lime in a finely ground condition and to stir this gradually 
into the cooled sucrose solution * in order to get a good 
precipitation of the sucrate. 

After trying several experiment^ it was found that 
the best precipitation of sucrose could be obtained* by * 
taking a 12 per cent, solution of sucrose and gradually 
stirring ih a quantity of lime equal the weight of 
sucrose taken, the stirring being mechanically continue’d 
for 4 hdurs at a,* temperature of 0 — 6°. The precipitate 
.was .collected and the filtrate was boiled and filtered 
until no more . precipitate appeared. Sucrose was esti- 
mated in* the final filtrate by the polarijneter. * * 

(<* k ). Temperature 0-6°; 30 g., sucrose, water, and lime 
in proportion, 5*8 g. sucrose left in filtrate; 80*6 per 
’cent, sucrose precipitated. 

(b). Another 15 g. lime w\jre .stirred inter the final 
filtrate pf above, mixture filtered, etc., 4*8 g. sucrose 
left in filtrate; total sucrose precipitated =84 per cent. 

Longej stirring did not improve matters and higher 
working temperatures gav« low yields. 

» 

Destruction of Glucose by *Boili}ig voitli Lime . v 

t , • 4 

Several experiments were tried by boiling U mixture 
of ‘sucrose and, gtfiqose in aqueous solution witli lime 
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varying the quantity of lime aud the duration of boiling. 
It was found that boiling the solution for 2 hours with a 
quantity of !|me equal to the quantity of glucose in 
solution 'was sufficient to destroy the glucose almost 
completely, glucose left undestroyed in the solution after 
boiling with lime was estimated by Fehling’s solution, 
the precipitate of cuprous oxide being collected and 
estimated by the volumetric permanganate method 
( Browne, “Hand book of Sugar Analysis,” p. 410 ). 

■Twelve g. sucrose, 4 g. glucose, 3 g. lime, 100 c. c. 
water, boiled for 2 hours; 0*217 g. glucose left. 

There is no appreciable destruction of sucrose by this 
treatment. 

Recovery of Sucrose from a Mixture of Sucrose and 
Glucose. ' > o 

Eight g. sucrose and 4 g. glucose were dissolved in 160 
c. c. water (making a solution containing approximately 
the same quantities of sucrose and glucose as in molasses 
diluted to 12° Brix) and boiled wjth 3 g. lime for 2 hours. 
Then in the course of 3 hours 9 g. freohly burnt finely 
ground, lime were gradually stirred in to the mixture 
at a temperature of 0° — 10°. The solid was collected, 
the filtrate boiled etc., as in the experiments on the 
precipitation of sucrose. Sucrose in filtrate =0*718 g. 
(8*9 per cent, of sucrose taken) ; glucose in filtrate = 
0 025 g. 

The cake was suspended in water and decomposed by 
carbolic acid. 

< 

Sucrose recovered from cake by 2\ hours’ c^rbonation 

=4*68 g. 

' Sucrose recovered by ,an* extra 2 hours' carbonation 

=1:52 g. 

Total sucrose recovered from cake \ =6*20 g. 
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This ib a recovery of 77*5 per cent, of sucrose in 
original mixture. 

Recover of •Sucrose from* Motasse^. * 

Twenty g. molasses (containing 4*3 per cent, sucrose 
and about 2b per cent, glucose) were dissolved in 100 c. c. 
water and treated by the same process. . . 

. (a). Sucrose in filtrate = 2 64 g. (30 7 per cent. • of 

, sucrose in molasses). 

Glucose ' „ «s 0*028 g. * 

(ty Sucrose in filtrate = 2*22 g. (25*8 per Cent, of 

t sucrose in mdlassbs). 

Glucose „ ' =0 018 g. 

(c) Sucrose ip filtrate = 1*8 g. (20*9 per cent, of suc- 

roge in molasses). 

.In the last experiment the cake was carbonated. 

H3ucrdse recovered from cake = 5*7 g. (66*3 per cent. 
* t of suerose’in molasses). 

The sucrose ^recovered was by.no means colourless. 
The purity, was c^culate^ from the density of thej sucrose 
•solution and found»to he 66 per cent. 

* * • 

Recovery of Sucrose from a Mixture qf Sucrose and 
, • * 'Glucose (repeated). 

•tf he low purity of the Sucrose recovered from the molas- 
ses made it desirable to go hack and repeat the experi- 
ment with a mixture 6f sucrose and glucose and deter- 

• • • 

mine the. purity of the sucrose isolated. This s had not 
been done in .the previous experiment. The only modifi- 
cation wasAhat the mixture was boiled with the lime for 
4 instead of* *2 hours. 

, Sucrose reoovered^ffom cake = 5*38 g. (67*2 p*er cenfc, 

* of sucrose taken). 

Glucoqp in product recovered from cake= 0*15 g. . 

Purity of recovered sucrose • = 60*8 per cent. 

8 
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Treatment of Glucose only by same Process'. 

if seemed possible that the low purity of the sucrose 
obtained by barbon^iting the cake might be due to the 
precipitation as insoluble lime compounds of the decom- 
postion products from the glucose. To ascertain whether 
this was the case 4 g. of glucose only were put through 
the same process, but on carbonating the cake only 
0*358 g. solid was obtained which is an insignificant quan- 
tity compared with the 3*5 g. of other solids which were 
mixed with the recovered sucrose in the last experiment. 


'Attempt to Recover Seer use of niftier Purity from, a 
A fixture of Sucrose and Glucose. 

(a) By washing the cake with hot wafer. 

« The lqst experiment indicated that tjie impurities in 
the recovered sucrose werd due to impurities retained 
mechanically or by adsorption in the lime sucrafe qake. 
An attempt was made to remove these impurities by 
boiling the cake with" '100 c. c. water and again filtering. 

i 

Sucrose recovered from ’washed cahe = 0*39 g. , 

Sucrose in wash-\rater u == 3 85 g. 

This Unexpected result showed that washing the cake, 
even with hot water, .lowered the yield of' sucrose to an 
extent to make the process technically useless. The result 
was unexpected because the solubility of tricalcium sucrate 
is recorded in the literature as 1 part in 200 parts bqiling 
water and 1 part in 100 parts cold water so that, not more 
than 0*5 g. tricalcium sucrate equivalent toabout 033 g. 
sucrose was expected to be dissolved by the wjash-water. 


t ( b ) fly carbonating the mixture after the lime-boil and 

before precipitation of the lime sucrate. 


* , n 

Just 'as juice is purified by the carbonation process 
it was thought possible to remoyt^ the impurities by 
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carbonating after the lime-boil, filtering and rejecting 
the calcium carbonate, then cooling the filtrate, stirrihg in 
the rest of the lime to precipitate the ljme sucrate, and 
proceeding as beforb. 

(1) Sucrose recovered from cake== 4-68 g. (58 5 per 
^ * 

cent, of sucrose taken). 

Purity of recovered sucrose = 84 (i per cent. • • 

(2) * The carbonation, after the lirmyboil, was carried 
out in two stages as in the factory process. The cajke 
was also carbonated in two stages.* The colour of* the 
recovered sucrose was considerably improved. 

Sucrose recovered from cake * 

by first catenation = 2*15 g. (purity 83 per 

£ent.) 

•Sucrose recovered from cake 

, • 

bv ‘second carbonation = 2*0 1 g. (purity 98 per 

cent.) • 

Total sucrose reubvered = 5*00 g. (03*2 per cent. 
’ / of sucrose taken.) 

It appears that* with some sacrifice in yield the purity 

of the Yecovertxl sucrose can be considerably raided by 
^ ^ f 
carbonation after the lime-boil. • 

. 

* » i » 

'Attempt t<j Recover <8 accuse of hi (/her * Par if// from 
" Molasses bij Carbonating the Mixture after* the Lime-boil 

and 'before Precipitation of the Rime, Sucrate. * 

' •* * * # 

Twenty g. of molasses were treated. * # 

(a) Sucrose redowsred from cake =3*95 g. (45*9 # per 

ceftt. of sucrose 

• * in molabses). 

Purity of recstveyed sucrose 

(calculated from density of , 

sucrose solutioh)* » =60*2 psa* *cent. 

• / 

• Purity calculated ffl>m weight of total solids on evaporating sucrose solution. 



2 36 Watson, mukerjke, gupta and ch,atdrvkdi 

Purity of recovered sucrose (cal- 
culate^ from weight of total 
solids 4ef t t on evaporating 

f ^ || | 

sucrose solution) =*=69*9 per cent. 

ttucrose recovered from cake in two stages. 

t *» ' 

Sucrose recovered from first « 

carbonation ... ... =31)5 g. (purity 

73 7 per cent). . 

Sucrose recovered from second 

carbonation ... ... =6’26 g. 

* . 

Total sucrose recovered =4*21 g. (49 per 
cent, of sucrose in molasses). 

This result with molasses is disappointing in compari- 
son with that obtained with a mixture of sucrose and glu- 
' cose both as regards yield and purity. 

Calculation shows that unless a better vield and 

* “ 

better purity can* be obtainedfthe process is commercially 
useless. Taking molasses at Rs. 2, suga»* at Rs. 12, and 

t «t t: 

quicklime at 12 as. permaund, and reckoning on, a yield of 

crystalline sugar equal to 50 per cent, off the sugar id the 

molasses, we have 3 * 

« * 

Cost of 1Q0 md. inolasses ••• ... Rs. 20Q 

Cost of 60‘md. lime ... « .... „ 45' 

. , Rs. 245 , 

<> 

Value of 20 md'. sugar produced ... Its. 240 

. * 

«. 

Experiments' to Increase the Yield of'Sjtckoses 
‘ (Performed by H. 8. Cuaturvkdi). ' • ' 

< In the preliminary exgerimente the best precipitation 
of sucrose was 84 " per- cent., the best recovery of sucrose 
77 per ceht'.' whilst with molasses it was not much more 
than 50 per cent. Attempts were r iAade to improve' the 
precipitation. 
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Precipitation of Sucrose by Lime . 

In repeating Mr. Gupta’s experiments vvitji pure suc- 
crose solution # the precipitation of ,sucnos3 was # not so 
good as obtained by Mr. Gupta, the M precipitation being 
about 60 per cent. 

AtteTnpts were made to improve the precipitation by 
using (a) freshly prepared cream of lime, (b) freshdy burnt 
quick-lime which had been passed through a 100-mesh 
sieve but the results were still worse, precipitation bein" 
38*5 per cent., and 41 *5 per cent., respectively. Arguing 
that tHe insoluble lime sucrate might produce a coating 
round the particles ®f lime and prevent further action it 
was decided to stir in the lime in two instalments, filtering 
hefore the second addition. This gave very good results. 

• (1) Temperature 0°— 5° ; 12 g, sudrose in 100 c. c. 
water j 1% g. lime in 2 instalments; 0*61 g. sucrose left 
in solution,; 95 per cent, sucrose precipitated. , 

• {2) Temperature p°— p°;*L2 g. sucrose in 10O c. c.. 
water ; 12, g. lime ip 2 instalments ; *0 61 g. sucrose left 
in solution j* 97*8 |)er cent, sucrose precipitated • 

• 9 I 

• $ # 

Recovery of Sucrose from Mo losses by Adding *Lime 

in (too Instalments. . . 

• > 

* • • • 

Twenty g. of molasses ^ r ere dissolved in 1 1«5 c.c. water, 

boiled with 3 g. lime for two hours and tl^en cooled to 

0 — 5 q »and 9 g lime addqd in two instalments. • 

( d)» SucrdSse in filtrate =0*92*g. ; 93 per cent, sucrose 

precipitated. , t * 

(6). Sucrose in filtrate = nil ; 100 per cent, sucfose 

precipitated. . • Sucrose recovered from cake=7*18 g. 

(83*7 per cent*, of sucrose in ipolasses). 

• • » t 

Purity of recovered sucrose 

(total solids by Weighing) =70.- 5 per cent. . 

•„ (total solids Hy density 
of sucrpse solution) ==65 • ft*p er cen t< 



^38 ‘ WATSON, MUKERJEB, GUPTA AND QHATURVEDI 
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Recovery of Sucrose from Molasses, Carbonating after 
the Lime-bof l and Precipitating Lime Sucrate by Adding* 
Lime in two instalments. 

* f I 

Twenty*' g. of molasses treated. 

(a) . Sucrose in filtrate =0*8S g. (LO-2 per cent. 

of sucrose in mdlasses). 

’ Sucrose recovered from cake=5*9 g.‘(68*6 per cent. 

* of sucrose in mclassfcs). 

Purity (total solids by 

weighing) . -= 77 per cent. 

* (total solids by density 

of sucrose solution) =70* 6 per cent. 

(b) . Sucrose in filtrate *=1-3 g. (15 1 per cent. 

of sucrose in molasses) 

Sucrose recovered from cake=4*68 g. (54* 4 per cent. 

• of sucrose in molasses). 

Purity „(by weigliing total „ ‘ 

** solids) ' ' f =70*9 per cent. 

f The addition of lime in two instalments .consider- 
bly in c teases the yield of sucrose' but the process cannot 
be considered satisfactory because the purity of , the re- 
. covered sucrose is low. It is remarkable that so large 
an amount of impurity is retained, mechanically or by , 
adsorption by the lime sucrate j in the case where the 
sucrose recovered from the cake was 7*18 g. and the 
purity 70’5 per cent., about 3 g. of. impurities were present 

in the precipitate. 

< 

W 

Experiments to Improve tije Purity pp the 
Recovered <8i t crose v 

(Performed bj IP. S. Ghaturvkdi). 

t 4 . 

fn order to be sure that the low purity of the recover- 
ed sucrose is not due to the formation* of an insoluble lime 
compound of the decomposition products of the glucose 
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• 

the experiment was repeated in which glucose only was 
put through the process. From 4 g. of glucose only 0*36 
g. total solids was recovered on carbonating the cake, 
confirming thfe previous Experiment. 

• IP unity of Sucrose Recovered from d Mixture of 
Sucrose and Sodium Chloride. 

• Sodium chloride was chosen as a simple crystalloid 
which would have little tendency to be adsorbed. 

Eight g. of sucrose and 4 g. sodium chloride were 
dissolved in 100 c. c. water and treated with 12 lime 
in two instalments;, precipitate bein" washed as in’ preVi-* 
ous experiments. 

Sucrose in filtrate =2 34 g. 

Sucrose recovered from cake = I 94 g. 

Purity of recovered sucrose (total 

sblids by weighing) *= 85*9 pey cent. # 

•Purity of recovered jsjicrftse (total 
solids by density of sucrofee 

solution) * ♦ =77 9 per cent. 

» * 

This, experiment .shows that even a simple salt like 
omraon ealt is retained by the precipitate to a consider-* 
ble extent. 

Recovery of Sucrose from a Mixture of Sucrose and 
Glucose , Washing the JLime Sucmte Cake with* Rectified 
Spirit 

• • 

Precipitate washed in original funnel with 100 c. c. 

cold rectified spirit. . , * 

Sucrose in, original filtrale =1T4 g. 

Sucrose recovered* from cake =5*33 g. t - 
Purity (by wfeighing total solids) *= 81*6 jper cent. 
Sucrose recovered from cake by* • 

* second carbonition =0*26 g. 
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There is an improvement in purity but nothing con- 
siderable. « 

t * 

« 

Recovery Of Sucrose from o, Mixture of Sucrose and 
Glucose , Washing the Lime Sucrate with boiliny Water 
and Reprecipitating the Sucrose from the Wash-water . , 

In inorganic analysis a precipitate which is impure on 
account of adsorption is perilled by r’e-dissolving and 

4 H ** 

re-precipitating. « It was decided to apply this process to 
the lime sucrate. The cake obtained 1 in the usual way 
was mixed with 100 c. c. boiling water in a mortar and. 
filtered; residue=ppt. (A). 

the filtrate was boiled and filtered ; residue *= ppt. (B). 
l*he filtrate was cooled to 0-6° and 4 a g. lime stirred in. 

The solid w a$, collected =ppt. (C). The filtrate is 
• called the second filtrate. 


Purity. 


* 

I 

4 

* t 

* 11 

i 


SucroBe in 1st liltrato, 0*70 g. 

,, ppt. (A) 1 09 82*2 p. c. 

„ r ppt. (B) 2*00 tyi-7 p.c. 

« n pp£. (0) 1 04 8ti*l p. c. 

,, 2nd 81 0 ate, O 65 

Sucrose in total carbonated ( *cake = 2*60 g. 

0*67 g. 
200 
0-65< 

1 40 
0*88 

78*6 p. c. 

75 *8 p. c. 

84 1 p. 



Total sucrose j 

accounted for r 5 *48 I 8*20 

• i 


4 

- i - . . 

in * 



1v 


Sucrosj in 1st filtrate, 

„ ppt. (A) *' 

„ ppt. (B) 

„ ppt; (C) 

,, 2nd filtrate, 

< „ Tqtal carbo- 

nated cake, 

tc 

0 ’ 26 g. 
218 

1 -56 

1 36 

1-20 

0-90 * 

80-5 

78-6 

'86-0 

P 

a 

p,c, 

p.c. 

p.c. 

»' 

1-lOg. 

2 96 v 
0-88 \ 
0-52' 1 

oof 

0-20 

79 • 5 p.c. 
81*6 p.c. 

91 *2 p c. 

■ ■ 1 

r 

* f 

Total sucrose 

0 


*’ 

- . , „)*. — 

f 


accounted for 
* 

7-46 


V 

t 

6 33 

■ 
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fa the' first experiment there was a large proportion 
of sucrose unaccounted for. The second experiment 
indicated that this had been due to incomplete decom- 
position of the lime suftrate by carbonic acid. ’ In the 
second and third experiments the lime sucrate was mixed 
with water and boiled whilst carbon dioxide was passed 
in. This made t the decomposition of the lime sucrate 
mpre complete. 

Recovery of Sucrose from Molasses , Washing the Litne 
» • • 

. Suci'ate with boiling Water and Reprecipitating the 
Sucrose from the Wash- water. ' ' ‘ 

Twenty g. of molasses were treated as above. 


• 

Sucrose in 1st filtrate 

... 0*88 g. 

. in ppt. (A) * 

... 3 • 74 (purity, 73*7 p.fc*) 

in p]pt. (B) • 

0*10 ( M 66*4 p- c.) 

» J in P)*t> (C) 

• 

... 123 ( „ ,S0-6p.c.) 

* 

,, 2nd filtrate 

-% 

•' *.. .... . 

• » 

„ total carbonated «*Ake 

... 0*23 

• 


Total siibroae accounted for* 

* 4 • 

7 32 g. 


An increase of purity has been attained with consider- 
able loss of yield. A yield of 59 per cent, sucrose with 
average purity of 75 per dent, is to be compared with 83*7 
per cent, yield of purity 70 • 5 per cent. (Without treat- 
ment of the £ake). Obviously tjie increase in purity does 

not counterbalance the loss in yield. 

♦ 

J 

9 • 

Experiments to destroy the Glucose by other Methods 

with a View * to Improve the Purity of the Recovered 
Sucrose. 

* * . 

It was* thought tt\at if the glucose was » destroyed* by 

caustic soda or by lime at lower temperature, the. de- 
composition products, being different fr t om those formed 

. 9 ‘ 
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f 

t 

by lime at the boil, might not be retained to 1 the same 
extdht by tlje lime suc^ate. 

« 

r | 

Decomposition of Glucose % boiling' with Caustic 
Soda Solution. T 

ij 

(a) Eight* g. sucrose, 4 g. glucose, 0*8 g. caustic sdda 
dissolved* in 100 c.c. water and boiled for 0 1 hour ; at the 
end of this time the solution was no longer ajkaline ; 
glucose left in solution = 1-92 g. 

* (b) Eight g. sucrose, 4 g. glucose, 1-5 g. caustic soda 
dissolved in 100 c.c. water, and boiled for 2 hours; the* 
.solution was alkaline and contained 0-.49 g. glucose. 

. (<?) Eight g. sucro.se, 4 g. glucose, 1*5 g. caustic soda 

dissolved in 100 c.c. water, and boiled for 3 hours ; 0*38 g. 
glucose left in solution. 

4 ■ (• 

« 

Recovery of Sucrose f rom a Mixture 'of Sucrose 1 and 
Glucose , Decomposing the Glucose by boiling urilh Caustic 
Soda. 

, < ' * 

The .experiment was carried out as in (b) above, then 

the mixture was cooled to 0 — 0 , and* 9 g. lime id two 

instalments were stirred in. ' 

t * . 

Sucrose in filtrate =0*57 g. . 

Sucrose recovered from cake*® 4 -94 g. 

< L 

Purity (to^al solids by weighing) = 80T per cent. 

This result is not strikingly better than those obtained 

with lime. * *’ 

«. 

< 

Decomposition of Glucose by Lime at lofoer Tempera- 
tures. t t , 

(a) Eight g. sucrose, 4 g t glucose, 3 g. lime and 8 c.c.* 

water were allowed to stahd at the ordinary temperature 1 
for 42 hours ; ’glucose left = 2*47 g. . * 

(5) Eight g. sucorse, 4 g. glucose^ 3 g. lime.and 8 c.c. 
water were allowed to stand at the * ordinary temperature 
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at 70° for* 2 hours ; glucose left=0'28 g. ; colour of 
•solution very dark. 

(c) Eight g. sucrose, 4 g. glucose, 3 g. lime and 8 c.c. 
water were allowed to stand at the ordinary temperature 
at 70° for 4 hours ; glucose left *= 0*20 g. ; colour of solu- 
tion very dark. 

This is not a .promising way of decomposing the glu- 
cose otjing to the dark colour of the decomposition 
products. 


Conclusion. 

The results so f^r obtained have been collected’ to- , 
gether for publication, although it is obvious that success 
ljas not yet been Attained in the solution of the problem. 
X striking feature of the results is theimrregularity. The 
sam*e .exyerimen^ repeated never gives quite t*he same 
results «nd often the variation is considerable. 

•Perhaps the most puzzling feature is *the solubility of 
the lime sucrate in boiling water, which is much greater 
than that recorded* in the, literature. The experiments* on 
\vashihg the lime s iterate with hot water gave most variable 
results. * It seenjs asf though the lime* sucrate precipitated 
in the cold is not true tricalcium sucrate; and perhaps if 
the conditions could be found for a • fairly complete pre- 
cipitation of *the true tricalcium sucrate the problem 
would be solved. The lime sucrate formed* is gelatinous 
and therefore difficult to wash." .If it* could be obtained 
crystalline or at any rate not gelatinous it could probably 
be washed mere easilf . • 

* I 

But th>f results so far obtained are quite promising 
s from the commercial standpoint. By the simplest process 
,w$ have obtained a recovery bf # S I per cent, of the sugar 
in molasses in the form of a syrup of 70 pqr cent, purity. 
If we assume that this syrup, on* boiling, \Vould # give 
crystalline sugar.ani leave molasses of^-AO per cent, purity 
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< 

< 

we could get 24 parts of crystalline sugar and 24 parts of 
molasses froifi 100 parts of molasses containing 40 per 
cent, sucyose. ' Taking the same prices for molasses and 
sugar as in oiir previous calculation we have — 

10*0 md. of molasses ... Rs. 200 r 

60 md. of lime „ 46 

Total Rs. 246 


Value of* 24 md. sugar produced @ Rs. 12 per md. Rs:'288 
yahie of 24 md. molasses produced r ... „ 48 

Total Rs. 336 


This leaves a considerable margin for working 
charges. 


*\ 


Government Technological Institute, 

Tj nixed Provinces, Cawnpore. 

* * 


Received, March 1926 . 



Studies in Ring Formation,. 


By 

AnuVul Chandra Sircar and Pjian Kumar de. 

* • l 

The investigation may conveniently be divided into 
three parts, A, B and C. 

• « 

A. Attempts to prepare \\-Diphenylene. 

For substances like benzidine or nriphthalene Kaufler 
(Anfialen, 1907, So/. 151) prpposed a theory according to 
'whidh the two phenyl groups in the molecule of benzidine 
^do qdt lie on one plane — the .valency joining them -being, 
not fixed in space,. but in*an oscillatory condition. 



H 

2 




• ! 

. Hence the* two amino groups are sometimes near one 
another, as shown in (I), and should together have the 
effect*qf an orMo-diamine. According to this, conception 
diphenyl becomes a derivative of a hypothetical substance, 
namely, /j-dipheoylene*: — 


C„H* 

I ^ . 

C„H + 


C„H, 


c.H, 


This substance is unknown. Dobb’ie, Fox and Gauge 
( J. Chem. Soc., 19H, 683) hava prepared o-dipfienylene. 
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It is obvious that Kaufler’s conception of diphenyl 
would be supported if ,the parent hydrocarbon, namely 
p*diphenylend were e obtained. From a study of the 
literature of the subject, it appears that no attempt 
had been made in a plausible direction for the prepara- 
tion of jt?-diphenylene. » 

•Ullmann ( Anndlen , 1904, 332, 38 ) and others have 
shown that iodo-compounds are better adapted than ehloro- 
or bromo-compounds for the preparation of polycyclic 
substances from mono-cyclic ones and that finely divided 
copper is suitable for the elimination of halogen atoms. 
«Th& authors thought that if benzidine has the “butterfly” 
constitution suggested by Kaufter, then p : p -di-iodo- 
diphenyl must be similar, and that on treatment with 
copper powder might yield />-diphenylene. 

H ^ 

IC fi H,-f!, i H 4 I + 2Cu = f f+Cu,i; 

' • C a H t 


Repeated attempts to eliminate the* iodine atoms in 
p : p'-di-iodo-diphenyl were unsuccessful. 

p-Di-iodobenzene ‘ was next tried, the iodine atoms 
in that substance also being favourably situated for the 
formation of ^-dipheny lene, 


2U 0 HJ s +4Cn 



CJl< 

I ’ +2Cu„J a 
C,.1I 4 


•The results obtained were as disappointing as before. 
In one experiment a small amount of a white\erystalline 
substance was isolated. But on examination it was found, 
to be Only p : p'-di-iodo-diphenyl, so that only one , of 
the iodine atoms was eliminated from each molecule. 

.Thus attempts to prepare p-diphenylene ljave so far 
been unsuccessful.. 
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B. Attempts to prepare Derivatives of p : \>-Diazo- 
’ phenylene. 1 



Kaufler floc.joit.) has said that various other ty^es 
of p : y-diamino compounds viz, p : p -diamino-diphpnyl 
methahe and p : //-diamino-stilbene behave *in the 
same way as benzidine, i.c., sljow the properties of- 
an o;‘^o-diamine. From the similarity in the consti- 
tution of p : //-‘diamino-stilbene and of p : //-diamino- 
•azo- benzene there seemed to be nb reason # why the 

latter- substance should not also behave like an ortho- 

• » 

diamiile. , The present part of the investigation is con- 
cerned with that problejn ancl with attempts to prepare 
derivatives of p t //-diazophenylener The problem was 
attacked in the Same wav as was followed in the case of 
benzfdine by Kaufler (toe. cit.), Cain and Micklethwaite 
(J. Cheip. Sod, 1§14, 105, 1137)* and Turner and his % 
colleagues (J. Chem* Soe., 1915, 101 , ,1495 ;*1917, 111, 1 ; 
192Q,*J77, 1140). . * / * 

• Bandrowlki ( Her 1S84, 17, 1181) prepared diphthalyl 
benzidine. Gustav Koller (Be>;., 1904, 37, $880), by 
the Actions of phthalic anhydride ofi benzidine, prepared 
a phthalyl derivative which was found to be different, 
from Bandr.t§wski’s Compound. Kaufler, b^ T a determina- 
tion of tb^ inolecular*w4dght of Koller’s phthalyl deriva- 

t i f # 

»tive as well as of tjie compound obtained by the action, 
•of, oxalyl chloride on * benzidise, proved that in either 
case they were formed by the condensation of one mole- 
cule of each of the reacting substances, and brought 
forward this a 3 an argument in, favour of the ‘©-diamine 

ft 
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f * 

formula of benzidine. Another proof of the advantages 
of Kaufler’i formula was brought forward by Cain and* 
Mickle th waite, who found that o-diketones, like benzil 
and gtyoxal, condense with ben'zidino to g f ive compounds 
of the type, 

C„H 4 — N=CR 

I I 

c„h 4 -n=cr 

However, attempt to repeat Cain and Micklethwaite’s 
works made by Ferriss and Turner ( J , Chew. Soc ., 1920, 
117, 1140) and by the authors were unsuccessful. 

Turner ( J . Chem. Soc., 1915. 107, 1496) tried the 
'reaction of acetylacetone on benzidine in the expecta- 
tion that if benzidine possesses an or^o-diamine formula 
the two ketonic groups of acetylacetone will condense 
with one molecule of benzidine to yield a compound of 
the type 

R 

,C c H t — N=C< 

I CH* 

c 0 h 4 -n=c< 

R 

The results obtained were, however, quite different 
from those expected. 

It has now been found that phthalic anhydride does 
not react with p . p'-diamino-azo-benzene; phthalyl 
chloride reacts with it to form a diphthalyl derivative 
i.e., two molecules of phthalyl chloride react with one 
molecule of p : /?'-diamino-azo-benzene. Owing to the 
extreme insolubility in all organic solvents of tho conden- 
sation product of oxalyl chloride and p : p\- diamino-azo- 
benzene, it could not be decided whether it wa&formed by 
the condensation of one molecule of oxalyl chloride with w 
cue molecule of p : ^/-diaix»irio-azo-benzene or by the con- 
densation of two molecules of eaoh of the two substances. 

Glyoxai or benzii could not be made to react with 
p : p'-diamino-azo-benzene. Acetylacetone reacts with the 
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diamino-compound in the same way as it does with benzi- 
dine (Turner, loo, oil .) and an aao-quinolin'l derivative 
is formed. 



N.C 8 H 4 .NH, 

II . + 

n.c 0 h 4 .nh. 


2 CH,.CO.CH tr CO.CH, 


N.C 6 H*.N=C(CH,).CH..C0.CH, 
N*C 8 H,.N = C(CH s ).CH t .C0.CH s 



• » 

• Thus attempts to prepare derivative’s of p : p- diazo-i 

phenylenp have also been so far unsuccessful. 

, • , , 

. C., Action of Aldehydes 0)1 Benzidine and p : p - 

Diaminoazo-ben^ene • , 

A characteristic reaction of the or/io-diamlne is the 
'readiness with which they condense* with aldehydes to 
form’iminazolones. The action of anisaldehvde on benzi- 
dine and that of salicylaldehyde and of reSbrcylaldehyde 
on p : //-diamino-azo-benzene has now been tried. In 
every * cage two molecules of the aldehyde are found to 
react with ojne nfolecule of the diamino compound t and 
it was fou^id that thors was not the slightest tendency 

towards imin^olone formation. 

- -* 

, • 

* Conclusion. 

The insults obtained so far all jgo again**; Kaufter’s 

form.ula for benzidine and similar p : p'-diamino-sub&tan- 

% 

ces. 


. 10 



250 


sircar and de 


Experimental. 

f m f 

An intimate mixture of jo-di-iodobenzene (9 *30 g.) 
and finely divided copper powder* (Nalur KUpferC, 17*5 
g.) was heated at 300—330° for three hours, after 
which time the cop'per was found to have lost its .lustre. 
The contents of the tube were taken out and weighed ; 
separate portions were treated respectively with acetic 
acid, ether, alcohol, chloroform, benzene and nitrobenzene. 
It* was found that nothing was extracted by organic 
solvents. 

A portion of the product was boiled f with concentrated 
hydrochloric acid for five minutes and the mixture 

* i 

was filtered. On making the filtrate alkaline a reddish 

o 

looking heavy precipitate was obtained in good yield. 
On examination it was found to contain copper and 
was therefore not further examined. 

The above experiment was repeated several times at 
different temperatures, but with no better result. 

2:4:2': t - Tetra me thy U azo-qu in aline* « 

4 : 4-I)iamino-azo-henzene (0 -55 g. j was warmed with 
acetylacetone* (1 ‘5 g.) until everything went into solu- 
tion. The solution was then boiled for two minutes 
more. On cooling a crystalline solid separated. This 
was collected and recrvstallised from alcohol as shining 
red prisms (m. p. li$2 — L93°). It is soluble in alcohol 
and acetic acid, insoluble in water and dilute hydrochlo- 
ric aoid. (Found : N = 16 • 12, 15 • 86. C^ll-oN* requires 
N =• 16 47 per cent.). - • ' 

Diphthalyl benzidine was obtained as shining yellow , 
nbedles dn adding phthalyl ‘‘chloride (2-g.) to a solution 
of benzidine (1 g.) in'nitrobenzene (10 c. c.). On exam- 
ination it was found to be identical with the compound 
obtained by Bandrowski (loe. cit.). - 
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Diphthalyl-k : 41 -diamino-azo-benzene. 

CO * CO ) 

C„H 4 < >NC s H,'N = NC # H,'N< >c 6 h 4 

• CO t • cb 

1 • 

A solution of 4: 4'-diamino-azo-bertzene (1 g.) in the 
least quantity of nitrobenzene was treated with phthalyl 
chloride (2 g.) when at once a black precipitate appeared. 
It was boiled for half an hour when the colour changed 
from bdack to brown. The solid w r as then filtered, 
washed with ether and crystallised from nitrobenzene*: 
light-bfown needles, m. p. above 300°. 

It is insoluble in ether, acetic acid and alcohol. 
(Found : N=12 -32* C. S 1I, (; N,0 4 requires N=ll*85 per 

cent.). , 

Oxalyl- 1 : 4 ' - d/u rn i n o-a zo-bey zene. 

• ‘ # 

( '< /- NH - C ft Il 4 - V CO - XI t- C „ H . X = X C „ H , - X H - CO 


or 


CO - N’H — jC, K, — X C O - X 1 1 - C „ H, X = NC, ; 1I + — X H - CO 

A solution of 4:4-dr;tmino-uzo-benzene (1 g.) in cold 
nitrobenzene (80 c.e.j w r as treated with oxalyl chloride 
(2 c.cj when at onqe a mldish precipitate appeared. The 
solution. w T as then boiled for half an hour and the colour 
of I he precipitate changed to light yellow. was puri- 
fied by boiling successively with nitrobenzene and pyri- 
dine anil fi tering hot wlujn the substance remained on 
file filter paper as light yellow particles, m. p. above 
300°. » It is insoluble in organic ‘liquids. (Found: N = 

20*03.’ C u H| 0 O,N 4 requires N = 21 05 per cent*.). 

• • 

«• 

Benziditie-bis-(\?-wc/ ho.r y- phen i/I '-a zo- nyt hi ne ) . 

/ * * 

CH „ (>.( ’ „ 1 f 4 C H = X • - C i; 1 1 •- C „ H , • X =CH.C . II , OCU , 

Benzidine (1 g.) w^as’ dissolved in alcohol (00 e’c.) and 
the solution w r as cooled to 0°. It was then treated frith 
anisajdehy.de (0*73 ,g.) and a light yellow precipitate 
appeared gradually. Alter half «an hoqr the mixture was 
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filtered. The solid product was crystallised from nitro- 
benzene : shilling light yellow plates, m. p. 246-48°. 

It is very ‘slightly soluble in alcohol, more so in acetic 
acid and nitt*ohenzen§. It is readily hydrolysed to benzi- 
dine and the aldehyde on warming with dilute hydro- 
chloric acid. (Found: N = 7‘09. C2sH2 4 N 2 0 2 requires 

N=±=6*67 per cent.) « 

Azo-benzene- p tp '-bis-(kydroxy-phenyl-azo-niethifoe). 

' OH.C 8 H,CH=N-C,H t 'N = N-C B H,N f =CHC„H t .OH 

< v > 

A cold solution of 4 : i'-diamino-azo-benzene (0*5’g.) in 
«nlcohol (60 c.c.) was treated with salicylaldehyde (0*5 g.) 
when at once a reddish crystalline precipitate appeared. 
It was filtered and recrystallised from nitrobenzene : f 
light brown shining' plates, m. p. 265°. <• 

It is insoluble in alkali, dilute hydrochloric acid and 
in alcohol, soluble in warm acetic acid and nitrobenzene. 
(Found: N—1336. C at ,H 20 N 4 O 2t requires N=13 33 >er 
cent.). 

Azo-benzene -p : p'-bis-(S : 4 -dihydroxy-phenyl-azb methine). 

(O^) , C, H,.CH = N ■ C, p H t ■ N = N • C 8 II, • N = Cfl-C, H , (OH) , 

f 

t 4 

A solution of t : t'-diamino-azo-benzene (0'5 g.) in hot 
alcohol "(60 „c.c.) was treated with resorcylaldfehyde 
(0’5 g.). After boiling for half an hour 'the solution, 
wa9 allowed to cool when a reddish-brown crystajline 
precipitate gradually ‘separated. This was filtered, washed 
with warm alcohol and dried. It begins to darken at 
about 250° but does not melt belofr 270°. *It is readily 
hydrolysed by cold alkali. It ,? ih slightly Voluble in 
alcohol, readily soluble in acetic acid. (Found: N=I2*62. 
G^H 2 oN 4 Q 4 requires N = I2i3tfper ifcnt.). , 


< Chemical Laboratory, 
The Uniybhaity, Dacca. 
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The Preparation of Camphor from Pinente. 


BY 

H. M. Mulany and E. R. Watson. 

• 

The preparation of camphor from French and 
.American turpeiftine, the chief constituent of which is 
•pinene, is already a commercial proposition. Nevertheless 
the’ details available in the scientific literature are meagre. 
We found that research was necessary before we could 
obtain a satisfactory yield of*camphor from pinene. ' The 
results q,re published with a view to supplement the 
information available in, the literature. , 

As our work' was instigated by a desire to prepare 
camphor from Jndihn turpentine, .which does not give 
any appreciable yield of pinene hydrochloride, we selected 
those* methods which do not require the intermediate 
.production of pinene hydrochloride. The process which 

has been worked successful! v is as follows:— 

* . 

» * 

Pinene — ^ Bornyl salicylate i — > Borneol -r> Camphor. 

• # 

Bornyl ijalicyi’ata was prepared according to Cliemis- 

che Fabri^ von Hoyden (D.R.P. 175097, *J. CItem. Soe 
1907, 92, i, '&29). Two pafts of salicylic acid and 1 part 
( of pinene distilled fron> French turpentine wer^ heate$l 
together .for 17 hours at 110° and gradually raised to 
150° in 11 hours. The product was*kaken with • aqueous 
sodihm carbonate to remove unchanged saliqylie acid, 

* * A 
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extracted by ether, dried, freed from ether and distilled 
in vr.cuo. It gave 70’8 per cent, (reckoned on the weight* 
of pinene) of bornyl salicylate distilling at 178 — 182°/7 
mm. A large fraction distilled at 60 — 80°/7 mm., and 
could perhaps be utilised for the preparation of a further 
quantity of bornyl' salicylate. 

On using equal parts of salicylic acid and pinene 
(molecular proportions) the yield was 59 per cent of 
bornyl salicylate.' 

Borneol was obtained by boiling 1 part of bornyl 
salicylate with 5 parts of 20 per cent, alcoholic potash 
under the reflux for 8 — 10 hours The product was poured 
into water and steam distilled. The semi-solid which 
separated from the distillate was collected and pressed 
between blotting paper; the yield was 44 per cent, of the 
theoretical of fairly pure Ijorneol. The oil which was 
removed from the solid during the filtration was re- 
sapouified but did not give any appreciable yield, of 
borneol. Saponification with aqueous and alcoholic 
potash under various conditions did not give any better 
yield. 

Qamphor was prepared from thd borneol by shaking 

with 5 parts of 50 per cent, nitric acid (containing a 

trace of .nitrous acid) for 3 hours in a shaking machine. 

„ * 

The mixture was diluted with water and the camphor 
filtered off. Yield 50 per cent. 

Attempts to obtain , a better yield of. camphor by 
directly ^oxidising bornyl salicylate, and attempts to use 
sodigm peroxide as an oxidising "agent, as described in 
the literature, were not successful. 


Technological Institute, U. P., 
Cawkpori. 


Received bhiy 4 , 1926, 



A Note on the Bleaching of Shellac. 

BY 

« 

* E. R. Watson and H. M. Mulany. 

The bleaching of shellac, as 'described in Rogers 
and Aubert’s “ Industrial Chemistry,” 1912, p. 701, is 
effected by sodium hypochlorite in a ho^ alkaline solution 
of tbe shellac. Tn the same place it is stated that *a 

• pec i Ability of bleached shellac is its gradual change into 

a modification insoluble in alcohol and. alkhlis, which 

• • • , 
ebaage inevitably takfes jfface in time, with every bleached 

I, • 

shellac. The cliatfge is said to be favoured bv high 
temperatures. » 

Cadre describes* the bleaching, of shellac ( Qhem. 
News, 1921, 123, 127), the process being essentially the ' 
•same as described by Rogers an 4 Aubert. . He gives 
figures showing that a sample which was'almost com- 
pletely soluble in alcohol when freshly made* was soluble 
only *to the extent of* 50*6 per* cent, after exposure to 
light and £,ir for 6 months. Also he analysed an old 
sample of English’ make and found it was soluble only 
to the extent of 12*1 per pent. • 

Rogers *dpd Aubert prescribe the preparation of a 
solution of sodium hypophlorite, (from 10 kg. bleaching, 
powder for every '10 kg. shellac) and .direct that it should 
be added to the hot alkaline solution of the* shellac 

until* the ’latter becomes wine-yellow in colour. They 

• * • 
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do not state how much of this solution is’ generally 
required, (jradre used, the whole of the hypochlorite • 
solution obtained from 1 part of bleaching powder for 
the bleaching of 1 part of shellac’. 

The present authors have bleached shellac by Rogers 
and Aubert’S process, taking care to use the minimum 
quantity, of hypochlorite solution necessary to bleach 
thp material. For an ordinary Indian bazaar sample of 
shellac the hypochlorite solution from 1 part of bleach- 
irig powder sufficed to bleach 6’5 parts of shellac. The 
alkaline solution was then cooled and acidified, without 
^allowing the temperature to rise, whep the shellac was 
precipitated as a granular solid which was collected, 
washed very thoroughly, suspended in water and treated 
with 1 part of sodium thiosulphate solution (10 per 
cent.) for each part of shellac. The shellac was 
collected, washed very thoroughly and air-aried. Samples 
of bleached shellac so produced have remained for .the 
most part soluble in alcohol for over 3 years. The 
air-dried powder was kept in ordinary stoppered bottles 
in Cawnpore. 

u - 

Sample prepared in February 1923 ; analysed April 1926. 

■ Insoluble in alcohol ... 9*5 per cent. • 

Ash ... nil. 

Sample prepared in November 192*1; analysed April 1926. 

« - » 

, Insoluble in alcohol ... IT per cent/ 

Ash ... S)'5 „ „ 

' ^ v 

We • therefore claim that if the minimum quantity 
of hypochlorite is used for bleaching' and the bleached 
product is precipitated m granular form, washed very 
thoroughly and treated with sodium thiosulphate to 
remdve any absorbed chlorine, bleached shellac can be 



A NOTll ON THE BLEACHING OP SHELLAC 25*7 

prepared Which will remain for the the most part soluble 
• in alcohol for years. 

In the course of these experiment^ it was noticed 
that it was difccult <to remove all acid from * the preci- 
pitated shellac. The moist shellac pressed against litmus 
p&per turned it red when the wash-water * was neutral 
to litmus. , . . 

. It # was also noticed in the bleaching of specially 
dark lac, recovered from lac-dye, that it was necessary 
in bleaching to use solutions containing the minimufn 
quantity of alkali. Under these conditions the hypo- 
chlorite exerted its maximum bleaching effect* If* a 
larger quantity of alkali was used the bleaching was not 
so good and the bleached shellac was softer (melted at 
g. lower temperature) than the original material. Prob- 
ably the same w'ould he th$ case in the bleaching of 
ordinary shellaft. 

Government Tec hnological f nstitcte. 

United Provinces, Received May 4, 

Ca\*npore. * • 



The Pii^ene Content of Indian Turpentine. 

A. 

BY 

• H. M. Mulany and E. R. Waston. 

r 

Simonsen {J. 'Chem. Soc ., 1920, 117, 1^7 3) reported 
that the lower boiling fraction in Indian turpentine 
obtained from Phms longifolia , amounting to 47 or 60 per 
^cerft.'of the turpentine, consists mainly pf a- and /3-pinene. 
On this authority we used the fraction of Indian turpen- 
tine boiling at 155-160° as a source of pinene, and after 
some time we came to doubt whether it does consist. 
* mainly of* pinene : we subjected it to a further examina- 
tion to settle this point. It did not give ariy solid pinene 
hydrochloride whilst a sample of pinene obtained from 
French turpentine gave a direct yield of 27‘5 per cent. 
Oxidised, by Baeyer’s method with potassium permanga- 
nate it gave a product that did not crystallise even after 
it had been fractionated under reduced pressure. It 
gave no pinene picrate by Tilden and Forster’s method 
{J. Chem Soo., 1893, 63, 1388) or by a modification of 
this method, using molecular proportions of pinene and t 
picric acid, whbreas a sample of pinene obtained from 
British Drug Houses,* Ltd,, gave 16 0 per cent, of picrate 
by the ntjodified method. «. 

By Wallach’s method ( Annalem , l M5, 251) it gave 
1 per cent, of nitrosyl chloride whilst B. D. H. pymne gave 
a yield of 16’1 per cent. "Oxidised by. Henderson’s 
method lyith mercury ace^atfe ( J. *Chem , Soc., 1 909, 95, 
289) -it gave only 1 per cent, of sohrerol whilst t a sample 
of pinenb ‘fractionated from May and Baker’s oil of 
terebinth -gave 5*5 per cent. Heated in an autoclave 

i < 



THE PINEtfE CONTENT OF INDIAN TURPENTINE * 259 

• 

it gave noidipentene whilst the sample of pinene obtained 
from May and Baker’s oil of terebinth undep the $ame 
conditions (250-260° for 1 hour) ^ave t 65 per cent, of 
dipentene which •readily gave the tetrabcomide. It 
gave no terpin hydrate by Wallach’s method with 
alcoholic nitric acid or by shaking with dilute sulphuric 
acid whereas pmene from May and Baker’s, oil ,of 
terebinth gave a 60 per cent, yield of terpin hydrate 
with dilute sulphuric acid under the same conditions 
(shaking 10 g. with 190 g. w r ater and 10 g. of sulphuric 
acid csntinuously for a w r eek). 

The conclusion is that this fraction of ‘Indian 

• , 

turpentine contains very little pinene. It contains some 
A 3 -carnene as ih gives the nitrosate, but the yield of the 
latter is not large. The product of oxidation by Baeyer’s 
metfhod crave an ’oxime melting at 121-2° whereas the 
oxidation product of pinene from foreign turpentine gave 
tlie.fixime of J-pinonic acid, Jji.p. 131°. • 

The fraction boiling at 155-100° cbtained from 

> *, 

Indian turpentine is npt large. One sample .of first 
quality Bareilly turpentine gave 25 per cent, but another 
fresh satnple gave only 8'6 per cent/ * 

The hnal conclusion is that the pkienc content of 

’ Indian .turpentine must be very small. 

• • 

« 

TttCHNOr.OOlCAL iNSTITin-K, l.\ P. • 

Received May 4,^1926. 
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Interaction of Sulphur Dichloride with 
Substances Containing the Reactive 
Methylene (-CH2) Group or Substituted 
Methylene Group. 

By 

i 

Kuverji Gosai Naik and Ganpat Vishram Jadhav. , 

• « * 

The work was undertaken with a view (1) to study 
the reactivity of the hydrogen atoms of a rhethyleno group * 
situated between two carbonyl groups as in the case of , 
substituted amides -of malonio and methyl malonic acid, 
and (2). to throw light on the debated and ve*ed question 
of the constitution of sulphur dichloride. 

4 . * 

The existence or* a definite compound of ttye compo- 
sition, SC1 2 has ‘been repeatedly called in question ( J. t 
Chem. &*?.,*, 1870, 23; 155 , 1871, 24, 1163, Comp?, rend.' 
1878, 86, 664; Bull. Soc. chtm., 1886, 45, 867). SCI* 
has beeijt regarded by, some as a solution of chlorjne, in 
sulphur monochloride and by others as a.compo.und in 
the state of partial dissociation. Costa ( Qazzetta , 1890, 
20, 867) determined cryoscopically c the molocular weight 
of the reddish brown liquid detained by saturating the 
monochloride with chlorine below 0° and then removing; 
the exboss of chlorine by 'a current of carbon dioxide. 
The results of, the determinations of, molecular, weight in 
benyeneand in acetic r acid solutions agree with tjie formula 
SC1 2 . This view was phallenged by Ruff and Fischer 
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* 

( Ber ., 1903, 36 , 418) who assert that they got no evidence 
of the existence of the compound SCI* l when they 
examined ti\e composition of the liquid* and the vapours 
at temperatures belween — 10°Can(\0°. Bo&seken ( Bee . 
trav. chim.y . 1905, 24, 209) obtained, diphenyl sulphide 
by the interaction of sulphur dichloride with benzene in 
the presence of anhydrous aluminium chloride at* 0°. 
This Supports the view that at low temperatures sulphur 
dichloride possesses the formula SCI.,. At 60°, however, 
the reaction takes a different course, chlorobenzene and 
thianihrene being the products formed. This is attribut- 
ed to the decomposition of sulphyr dichloride into the** 
monochloride and chlorine, the latter then attacking the 
•benzene nucleus. 

, * 

.Beckmann a«d his collaborators (Zeit. phymkal. Ch&m., % 

1999,' 6$, 289\ determined *the molecular weights of the 
monochlOride and the dichloride. Thev found that in 
liq*uid chlorine, at its bovling point, sulphur monochloride 
and sulphur dfichloride have the molecular weights 
, corrqsponcfing to the formulae S,CL and SCb respectively. 
They also arrived af the formula SC1 2 by means of cryos- 
copic determinations in xylene, y>-xylene,» ethylene 
dibro/nide, acetic acW and bromine solution. These results 
seem to have been confirmed by the work»of Bergmann 
•and Bloch (Ber., 1920, 53, [ B ], 977). 

Utalonanilide and • malon 9i-o,-tolylan>ide* interact 
with SC\g as’follows : — 

RNH.tO RNHCO J3-C1 

i >CH,+*23CI i — > >C< +2HC1 (I) 

RNHtCO • RNHCO S-C> 

) 

• 9 » 

“ where R stands for the phenyl hr the tolyl group. 

» • » 1 
In the case of both methyl-makmanilide 3fnd methyl- 

malon di-o-tolylami'de only one hydrogen atom in the 

2 * 
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reactive — 0H a — group is available for interaction with 
sulphur diohloride, thus*: — 

RNH.CO H RNHdO S-Cl 

>C< * +SC1,— > >C< +HC1(IJ) 

RNH.CO . CH„ RNHCO OH, 

whore R represents either the phenyl or the tolyl group. 

. « r 
Erom the above it will be evident that tlje total nega- 
tivity of the adjoining group, CO NtitR (where, R is 
either phenyl or tolyl) which influences the reactivity 
..of the hydrogens of the methylene group is practically 
the same, and hence the reaction should follow the same 

t 

course. Experiments have justified this 1 . 

* , 

< ■ 'it also* appears that both the hydrogefis of the methy- 
lene group in compound (I) are simultaneously attached 
by sulphur * dichJoride. Thjs is in contrast with W^at 
happens in the case pf sulphur ihonochloride, where one 
molecule of the substituted amide reacts with one mole- 

, < r 

cule of sulphur monochloride and not two (Naik, J. C'kem. 
Soc., 1921, 119, 379). Hi Thus in the ca&e of sulphul mono- 
'chloride the reaction follows the course: — 

u 

RNHCO H CIS RNHCO S„ 

>C< + I— > >C< I +2HC1 (III)- 

* RNHCO H Cl S RNHCO S 



where R. is either the phenyl or tolyl group. 

* 

•* 

It is interesting to observe that,* in general, (he dithio- 
ketones obtained by the interaction of sulphur monochlo- 1 
ride with some of the substituted amides are extremely 
stable (Naik, J.'Chem. Soc., 1921, 119, 1231), whereas 
the oonipdunds obtained by the action of sulphur 
diohloride- are unstable, when treated with fuming nitric 
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acid. In the case of compound (I) the reaction proceeds 
as follows : — 

RNHCO. S-Cl .nitration R,(NO,)MICO 

>C< * — > *>CH, 

RNHCO S— Cl R,(NO,)NHCO 

• 1 » 
where ‘Rj stands for phenylene or tolylene group. 

• » • 

. The products obtained from malon di-»-propylamide 

and malon di-naphthylamides (a— and /8 — ) belong to 

the same class. *The reaction, follows the course gi^en 

below.*:— 


R.NHCO H • R.NtfOO H 

>C< — > >C< +HC1 (IV) 

R.NBCO H^-Cl-S-Cl RjNHCO S-Cl 


(IV) 


where R, stands for propyl group. 


R&HCO H 
RNHCo ' >C<H+ ^ 1 _ S_C1 


RNHCO H 

* >C< + HC1(V) 

RNHCO S-Cl • 


(V) 

• ' ✓ 

where R standi for a- or /8-naphthyl group. t 

K^re the* total negativity of.th*e group 'GO-NHR 

(where 11 is the propyl Or naphthyl group) Is reduced to 

a level which admits of the reactivity of oftly one of the 
* • • * 
hydrogens of the methylene group. » In such cases it is 

but natural to expect the above course of the reaction. 

These compounds* are also unstable and lose all* their 

sulphur and chlorine tvlien nitrated, thus : — 

* -t 

RNHCO H , NRriifcion R,(NO,) 

>C< — > * . > CH « 

RNHCO S-Cl R,(NO.) , 


where R; stands foi* naphthylene group. 

* * » i 
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Finally, in the cases of malon di-jD-tolylamide, malon 
di-bfenzylam^de and jrnethyl-malon-di-jp-tolylamide the * 
reaction with pulphur dichloride proceeds further and 
very unstable compounds containing* excess of chlorine 
are produced. In the case of methyl-malon-di-p-tolyl- 
amide the methyl group also is attacked., thus : — • 

• «* 

R-NHCO H BXHCO Cl 

>C< + 2SC1, = >C< + 2HC1 + S (Vi) 

$NHCO H RNHCO SCI 

f t 

m. 

w'ljere ,R is a />-tolyl or benzyl group. 

« 

f 

t 

C,H 7 NHOO CH s C 7 H ? ^H(0 oh, 

>C< * + 2SC1, = >c< ] +2Ht;l 

C 7 H 7 XHOO H *'■ H,XHCO S „ 

A 

Cl . of 

> 11 ) , 

« 

4 i 

“The; above products are stable only in a f desiccator 
over sulphuric acid. In moist air they decompose, tke ori-‘ 
ginal amide being obtained, with the ©volution of' hydro- 
gen chloride and .deposition of sulphur. It is interesting 
to observe that ttie fcolyl compound (VI)' on nitration 
loses all its sulphur and chlorine* forming 

[(N0,)C 7 H 8 NH.C0J,CH, , . 

( ^ ‘ I 

The constitutions assigned to the abovti compounds 
follow from the following considerations : — 

f 

(1) That the hydrogen atom pr .atoms attacked by the 

dichloride are not those from the aromatib nuclei is 

«> 

evident^ from the course of the t reaction in case (IV) 1 
where no such aromatic nuclei are present. 

(2) The tw'o hydrpgen atoms eliminated are not those 
whibh were originally attached to the two nitrogen atoms ; 
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because, il that was so, the course of the reaction in 
every case ought tu have been thq same, foij every *one 
of the amides has two available CO NHl,t groups. 

• t * • 

(3) On reduction with alkaline ^hvdrosul^hide, say, 

in the case of (I), the original amide is obtained. 

• ’ • 

(Cl S) t C : (CON 11 C ,H,i,+ 4H , = CH , (CON HC , H 7 ) , + 21101 + 2H ,S 

• * 1 

• (4) .That the original amide is obtained in the case*of 
(VI) and (VIJ) in the presence of even a trace of 
moistigre is sufficient to show that .the reaction takes 
place ’with the hydrogens of the methylene group ; 
because, if the interaction had taken place with the 
hydrogens of the aromatic nucleus, the substituted halo- 
gens could not bd easily removed with water. 

• Apart from the light which the study of thpse reac- 
tions thrpws on the reactivity of the group, CO-CH 2 -CO, 
anotheV apd a very important bearing of this, work .is in 
relation to the constitution t»f sulphur ’dichloride. ’ The 
previous'* work done by one of us ’(Naik, loc. tit.) has 
tentatively* shown* that sulphur monochloride reacts in 
two forms : 

• • 

Cl-S . , ’ * Cl 

l* (Il . S=s< . (II) 

Cl— -s • Cl 

• 

*and it is only in the case of (I) that stable disulphides 
are Obtained. It was* suggested* in, the beginning that 
sulphur bichloride is a mixture of monochloride and chlo- 
rine, or of tetrachloride and monochloride (#<?/■., 1903, 36 , 
418). If this had beqn.the case, in none’of the above 
reactions ctftjfld there have been a possibility of obtaining 
# a definite class of compound*. The monochlorije which 
‘was supposed to be one of *the .constituents w|iich 
go to form the didhloride, ought, to have oontributed 
staWc dithioketones,* as was found out by Naik J [loc. 'tit.). 
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The other constituent of sulphur dichloride, v$z. t chlorine 
ought to h#ve easily chlorinated the aromatic nucleus, 4 
and given Aromatip chloro-compounds. But in no case 
were nuclei substituted halogen derivatives obtained. On 
the other hand, the compounds obtained possessed a 
separate identity of their own. It is, therefore, • beyo'nd 
doubt that sulphur dichloride did neither react as a mixture 
of< sulphur monocbloride and chlorine nor a mixture of 
sulphur tetrachloride and monochloride^ but it is a definite 
chloride of sulphur, having the formula SC1 2 . 

Experimental. * 

i 

The reactions were carried out in 'benzene solution, 
lender the conditions of the experiments there was i\o 
interaction between the solvent and the sulphur dichloVide. 
In most cases the product of reaction separated from the 
.cold solution in the crystalline form. Dry materials 
were always used, and when a reaction, mixture, had to be 
left overnight, precautions were .taken against, the entrance 
of moisture. 

*- ( 

Sulphur Dichloride and Malon-atiilide. 

* • w 

t t 

Malon anilide (3 g.) was mi'xed with dry benzene (20 
c.c.), and sulphur dichloride (fig.) was added to the 
mixture. The reaction .started at once and ( hydrochloric 
acid gag was evolved. The flask was corked with calcium 
chloride tube to avoid moisture and was lpft overnight. 
Next day it was heated under reflux over a s^nd-bath for 
four hoflrs. As soon as benzene began to boil, copious 
•fumes cjt hydrochloric acid * gas were thrown out. The 
clear solution * on standing deposited ‘ feathery needle- 
shaped crystals. They were filtered and washed with dry 
petroleum. They were found to be very soluble in acetic 
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acid, fairly soluble in alcohol, acetone, benzene »and 
chloroform, sparingly soluble in * light petroleum. On 
crystallisation . from benzene the su'bstahce melted at 
164-165°. (Found! Cl-18-69; S=16 72. *C 15 H 12 N 2 O g 
S 8 pl 2 requires Cl=18*35; S = 16*5a> per cent*). 

Nitration . — The compound (1 g.) was gradually added 

• I 

to fuming nitric 'acid (7 c.c.). Nitrogen peroxide came off 
and the' mixture became hot. After some time air was 
blown into the acid to remove the fumes of nitrogen 
peroxide. The colourless liquid was* then slowly, added 
to water, when a yellow solid separated. It was filtered 
and washed completely with water.* It shrank at 81° and 
melted with decomposition at 90°. (Found: N=16*10. 
6 I5 H, 2 N 4 0 6 requires N*= 3 6*28 per cent.). 

• 

Sulphur fyichlor.de and Malon-d i-o-toly larnide. 

4 * » 

» • 

» * Malon-di-o-tolylami<ic (2 g.) was mixed with* dry 

benzene (60 c.c.), and sulphur dichloride (5 g.) was added 
to the mixlfure The reaction was vigorous and'copious 
fumes of hydrogen ^chloride were formed. The mixture 
was refluxed £ver a sand-bath f6r three hours.’ On 
.standing the cjear liquid deposited white silky needles. 
They, were filtered and washed with ’dry petroleum. They 
were soluble* in benzene, alcohol, acetone, carbon 
tetrachloride and chloroform, and sparingly soluble in 
ether* and petroleum. They w T ere crystallised from hot 
benzene; Yn. p. 160-161°. (Found : 01 = 17 • 34 ; S-AsiS’SS. 
C J7 Hi 8 N a 0 2 S;>0l 2 requires Cl =17 -11; S = 15j43 percent.). 

neductk>fi % .— The substarce (1 g.) was disqplved in 
alcohol, and *10 c.a of an aqueous solution of sodium 
hydrogen sulphide (A* solution was made by saturating 
1*5 g. of caustic soda with hydrogen sulphidq^in a small 
quantity of water, ^o it caustic soda (5 *7 g.) dissolved 
in a small quantity of* water w/is adc[ed and the whole 
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mads up ttj, 30 c.c.) was gradually added to it, when a 
brown solution was obtained. The solution was diluted 
with water, and the' solid obtained was washed with water. 
It was crystallised fiom glacial acetic acid; m. p. 190-191°. 
It contained neither chlorine nor sulphur and was 
identified as the original amide. 

4 4 ° 

Nitration. — The compound (1 g.) was gradually added 
1 * 

to 10 c.c. of fuming nitric acid when fumes of nitrogen 
peroxide were thrown out. The liquid, after somtime, 
was warmed a little on a water-bath. After blowing air 
through the acid, the nearly colourless liquid was diluted 
with water and the reddish mass obtained was filtered 
and washed with cold water. It shrank at 75° and melted 
with decomposition at 85°. (Found: N*=14*88. 

C„H 5B 0 9 N 4 requires N = 15-05 per cent.). 

c Sulphur Bichloride and Methyl-malonanilide. 

% 

Methyl malonanilide (2 g.) was added to diy benzene 
(15 c.c.), and sulphur dicbloride (4 g.) was then added to 
it. The reaction mixture was finished up as in the preced- 
ing case. The solid was soluble in acetic acid, alcohol, 
acetone, benzene and chloroform, and sparingly soluble 
in ether and petroleum ; m. p. 132°. (Found: 01=10 39; 
S=9 * 27. CnH^NuOaSCl requires Cl «= 10*61; S«=9*5S 

per cent.,). 

Sulphur Bichloride and Meihyl-malon-di-o-totylamide. 

** * t 

Methyl-malon-di-o-tolylamido (2 g.) was put in 15 c.c. 
of dry benzene and sulphur dichloride (4g.) was added to 
it. The reaction mixture as heated under reflux over a 
sand-bath for three hours, after keeping it at ordinary 
temperature for som# time. On standing, same crystals 
were deposited and more solid was obtained on dilution 
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with' dry * petroleum. Tbe mass was crystallised from 
benzene; m. p. 150° (Found: 013=9*39? 8 **8*69. 

C, 8 H 19 N 2 O 2 S01 requires 01 « 9*79 ; 8 = 8*82 per cent.}. 

Sulphur Dicktoride and Malon-di-a-naphtkylamide. 

% * 

% 

Malon di-a-naphthylamide (3 g.) was added to 20 o.c. 
of dry benzene. * Sulphur dichloride (7 g.) dissolved in a 
little benzene was then added to the mixture. After 
some time, tile mixture was refluxed over a sand-bath 
for three hours when hydrogen chloride ceased to. evolve. 
When benzene began to boil, the liquid assumed green 
colour. On standing the solution deposited a solid which 
was filtered and washed with dry petroleum. The white 
mass soon began to be blue on the surface. It was there- 
fore put in a desiccator. It was crystallised from benzefte. . 
It became blue. It was soluble in acetic acid, acetone, 
benzene afnd carbon tetrachloride, and sparingly soluble 
in ether and petroleum.-* It melted with decompositioh 
at 145°.^ (Found : 01=8 63 ; 8=8*09. CaHnNASCl 

xequhfes 01=8*44 ; .8 = 7*6 per cent.). 

* „ > 

I # • 

* 

Sulphur Dichloride and Malon- di-fi-naphthylamide. 

* ' 

The* amide (5 g.) was added to bO c.c. of.Sry benzene 
and sulphur dichloride (10 g.) was added fjp it. Hydro- 
gen ohloride was at once thrown out. The mixture was 
refluxed over a sand-bath for four hours, but the product 
was insoluble in benzene. On cooling the solid was 
filtered and Washed, 'it was sparingly soluble in alcbhol, 
acetone and. ether, and ’fairly soluble in boiliqg acetic 
Aoid, from which it oame down as an amorphous yellowish 
powder. It melted With decamposition at 230° — 31*. 
(Found: • 01=8*56;. 8 = 7*37. C M fc[ 1T N 8 Q,SQl requires 
01=8*44; .8=7*61 pqr oent.). * 

3 
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Nitration . — The compound (1 g.) wa9 gradually ‘added 
to K) c.c. of fuming nitric acid. Copious fumes of nitro-, 
gen peroxidp were thrown out. The mixture was heated 
on a water-,bafch for some time and then air ‘was blown into 
the hot mixture tb remove the fumes. It was then 
diluted withhold Water and the yellowish sblid obtained 
W£i8 filtered and washed. It shrank at 175° and melted 
with decomposition at 185°. (Found : N=12*45. 

CagHi 6 N 4 O fl requires N=12*6 per cent.). 

' Sulphur Dichloride and Malon-di-n-propylamide. 

Tlie amide (2 g.) was added to 25 n. c. of dry benzene 
and sulphur dichloride (4 g.) was then added to it. The 
reaction started at once and the reaction mixture became 
hot. The flask whs corked with a calcium chloride tube 

11 i 

and left overnight. Next day it was refluxed over a 

4 * 

sand-bath for about an hour and then concentrated, when 
-a solid was depdsited. It was ^filtered and washed with, 
dry petroleum. On* slow evaporation ..of petroleum the 
white « solid began to smell of hydrochloric acid and 
became pasty. It was then placed iti a desiccator over 
caustic soda for seveVal days. Afterwards it was crystal- 
lised from dry benzene and the solid was washed with a 
mixture of’^ther and * petroleum. It is soluble in alcohol 
and benzene, and sparingly soluble in chloroform, ether 
and petroleum; m. p., 141 — 142°. (Found: Cl = 1,3 -80; 
8 = 12*50., CsHjyNiAjSCl requires Cl=14*06; S==12*67 

per cent.). * 

*■ * 

Sulphur Dichloride and Malon-di-j>- tolylamide. 

t * * * 

The amide (4 g.) was pri xe d o with 25 c.c. of dry bem* 
zene and sulphur t dicKloride (8 g.) Was added to 'thb 
mixture. Thb reaction started at once with the evolution 
of hydrogen chloride. The flask, was corked with a 
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calcium chloride tube and left overnight at room tempera- 
ture. Next day it was refluxed .over a sajid-bath for 
about four hours. On cooling the cleay sokitfbn deposited 
white crystals which’ were filtered and washed, with dry 
petroleum. They were soluble in acetic acid, alcohol, 
acetone; benzene, carbon disulphide and chloroform. 
The solid was crystallised from benzene ; m. *p. 156°. 
(Found: Cl=18’16; S=8'78. Ci 7 H 16 N 2 0 2 SC1j requires 
01 -=18*64; 8 =f 8‘36 per cent.). 

The compound when put in ordinary air was found- to 
smell of hydrochloric acid after some days. This^ \yent 
on for about two months, after which period the com- 
pound assumed a yellowish tint. It w r as insoluble in 
benzene and was crystallised from glacial acetic acid ; 
ii'i. p. 247°. It wps found to contain neither sulphur nor 
chloyine and was identified as the original amide. The 
compoundjs stable when put in a desiccator oyer conpen- 
•trated sulphuric acid. . , - 

Nitration : — The compound (1 g.) was gradually added 
to 8 c.c. of fuming nitric acid. Fumes of nitrogen pero- 
xide were thrown out when the substance was being 
added. After some time air was blown into the acid and 
•the nearly colourless solution was diluted with water, when 
a yellow mass was obtained It shrank at 85*° and melted 
vrith decomposition at 120°. (Found,; N = 14*72. 
C^HigNiOa requires N =,15-05 per cent.). 

« 

t 

Sulphur JDickforyie and Malon-di-benzt/lamide. , 

J 

j * 

The amiche? (3 g.) was taken with 26 c.c. of dry ben- 
fcene and sulphur dichloride (6 g.) was added to the 
mixture. The reaction Inixture ‘was porked with a cal- 
cium chloride tube arid left overnighf at rdoiiK tempera- 
ture. Neit day it was refluxed over a sand-bath for * six 
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hours when hydrogen chloride ceased to evolve. The 
deal* solution on standing deposited white silky needle* • 
shaped crystal^. They were filtered and washed with 
dry petroleum. They were soluble id acetic acid, alcohol, 
acetone, benzene and chloroform. The mass was crystal* 
Used from Boiling benzene, m. p. 149 — 150°. (Found j 
Ql/=s 18*26; 8=8*82. C 17 H, 8 N a 0 8 SCla requires 01=18 54; 
8=8*35 per oent.). 

This product also decomposed as in the case of malon 
di-p-tolylamide and the original amide was obtained in 
this case too. 

c 4 • 

«• 

f 

{Sulphur Dichloride and Methyl-malon-di-p-tolylamide. 

c 

The amide (4 g».) was put in 25 c.c. of dry benzene and 
sdlphur dichloride (8 g.) was added to tbg mixture. ,The 
flask was corked with a calcium chloride, tube ■ and < left . 

i 

overnight at room temperature. Next day it was reflux- 
ed over a sand-bath for three hcurs; The clear solution ' 

* p 

on standing deposited crystals. They were filtered and 
washed 'with dry petroleum. They were soluble in acetic 
acid, alcohol, benzene, acetone ayd chloroform, and 
■ sparingly* soluble in ether and petroleum.** The mass was 
orystallised from benzene, m. p. 157 — 1*58°. (Ij'ound : 
01=18*28; 3=7*88. Oi 8 H J8 N a Q^SCl 2 requires 01=17*88; 
8 « 8^06 per cent.). 

This compound also decomposed as in the two previous 
cases. The decompositioh product was insoluble in ben- 
zene and therefore it was crystallised from glacial acetic 
acid) m. p. 240°. It was identified as the original amide. 
The compound was stable when put in a desiccator over 
concentrated sulphuric acid., 

V Ik 
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The Isomeric transformation of «^o-Cinna- 
mylidene Acetic Acid into -the Normal 
Form with Iodine as Photo-catalyst, 
in Methyl Alcohol Solution. 

Part II. 

By 

* 

Jnanrndra Chandra Ghosh 
and 

&UNINDRA .Nath Mitra. 

< ' » 

Liebermann discovered {.hat aZZocinramylidene acetic 
acid is very slowly transformed in, to the normal form 
under the influence of light, but in presence of iodine 
this photochemical transformation is very rapid ( Ber., 
1895, 28, 1446). In a previous paper by Ghosh and 
Gupta the velocity of the above transformation in chloro- 
form solution has been studied (J. Indian Chem. Soc., 
1925, 2, 241). In the present paper the reslilts obtained 
with methyl alcohol as solvent are given. ” 

*The method for the estimation of the quantity of 
aZZo-form which has been changed into the normal form 
as described in the, previous paper had to be consider- 
ably modified in this case. The following experimental 
procedure was finally adopted: 2 c. c. of the alcohol 
1 solution containing the aVo - acid were taken put and 
* poured into a small* stoppered conical flask containing 
perfectly anhydrous sodium thiosulphate. The iodine 
immediately reacted with sodium thioaulphatp and the 
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solution became colourless. The flask was then intro- 
duced into <a vacuum .desiccator connected with an oil- ' 
pump of large capacity. The alcohol evaporated rapidly 
at a temperature somewhat beiow 30° and the alio - acid 
during this process of evaporation did not undergo any 
further transformation into the normal form. Three c. c. 
of dry benzene was then added and shaken vigorously 
to - dissolve the acids in the solid residue. The benzene 
solution was then poured into a lon^ stoppered, tube 
and kept overnight in a thermostat. One c. c. pf the 
clear liquid was sucked up by a pipette through a‘ plug 
. of * glass wool fitted at its lower end, and titrated with 
baryta solution. The alio- acid is freely soluble in 
benzene but the normal acid is only * slightly soluble.. 
Table I gives the solubility of the normal acid in benzene. 

at different temperatures in gram moles per c. c. 

« 1 

Tabde I. 


Temperature. 

• • — ? 

^Solubility x 10° 

15° 

« *' f ' 

«> 


?2 

30-4 

80° " 

■ 

44-4 

* 35" 

• 67-6 

t 


i, 

From’ the solubility curve of normal acid in benzene, 
the quantity of normal acid at the temperature of the 
theripostat was determined and the cfifferepce between 
the total quantity of acid in kc< c. of benzene and the 
solubility^of normal acid gave the amount, 'of alio - acid 
in the solid residue of the* conical flask which has 1 

” © » « 4 

dissolved in one* c. c. of benzene. The total allo-acid in 
the residue'is three times this quantity and was present 
in 2 c. c. of the alcohol solution. 
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The experimental arrangement is essentially the 

same as given in the previous paper. A hundred candle 

power point-o-lite lamp was used as the soiree of light 

and convex lenses of different focal' lengths > were used 

to obtain parallel beams of light *of varying intensity. 

The light was passed through a filter of copper sulphate 

solution 10 cm. thick to cut off heat radiations and then 

• * 

entered the reaction vessel (4x4x1 cm.) enclosed in a 
double jacketed copper box with a glass window to admit 
light. This copper box was maintained at constant 
temperature by circulating water from a thermostat. 
The intensity of incident radiation and the fraotion* of 
incident light absorbed by the reacting solution was 
measured by a Moll thermopile and galvanometer cali- 
brated by means of a Hefner lamp. # 

The End-point of Reaction . — It was found that fhe 
transformation of alio - acid *into the normal form does 
not proceed to completion^ in methyl # alcohol solution. 
The reaction stops after ninety per cent, of the alio - aciH 
has been converted into the normal variety. This per- 
centage conversion was found to be independent of 
(1) concentration of iodine, (2) the intensity of incident 
light, and (3) almost independent of tepipeyature. Such’ 
behaviour is indeed expected if both iodine and light act 
simply as catalysts. The negligible effect of temperature 
on the percentage conversion at equilibrium is to be 
ascribed to the fact that the energy change in this 

transformation is very small. The exact value of the 
# 

heat of transformation in this case is not known, but 
for the corresponding change of aJ/o-furfuraldehyde 
acrylic acid into the norma 1 , form the heat of transforma- 
tion is only . 4*3 calories (Roloff, Zeit. physikal. Chem. t 
1898, 26 f 337). v 

The simple equation, ft- 1 — .log for the velocity 
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of A monomolecular reaction cannot bo applied to this 
case* We ^have rather to use the more complicated, 
equation for„homogeneous unimolecular opposing reaction 


k=k x 

* 



•log 



Where a is the initial concentration of olio-acid, z is £he 
concentration of normal acid at equilibrium, and x is the 
quantity of olio-acid converted into normal form in time 
1; in the following tables 

4 

fc'=- log — and k" L_ .log . 

t f 2>'** 


Table II. 

Solvent — Methyl l alcohol . 

J d == 133/138 Hefner]: Initial concentration of olio- 
acid, 0 S79A N. 

Temp. s=32°: Concentration of iodine =rt 0*001 J V. 




O. o baryta solution 
equivalent to 

« 


« 

Time. 

, 1 

done, of alio - acid 
, + dissolved normal 
j acid* 

cone, of alio • 
acid/- 

I 

V 

k” 

• 

* 

0 

i 

0 

60*8 

60*8 - 
4 

tM 

• • 4 


80 

* 49*66 

» *916 

•0087 

• •« 


no* 

43-28 

• 82-78 

•0646 

•0069 

' a 

14£ 

87-80 j 

• 20-89 

•0068 

•0074 ' 


174 

82-92 

22-42 

•0669 

• 0074 


c* 

a 


Meaa -0072 
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Table ill. 

« 

Concentration of iodine«=0iQ0202 N. 


Time. 

' » 

I Concentration of j 
acid in c. c. j 
baryta solution. j 

i * ■ 

k ' 

i 

... - * 

* k" 

0 

| * * 57-87 



.* 45 

| 36-27 

■0119' 

V " ” 

Pm w 

io 

23 86 

I 

•0141 ! 

•0174* 

100 

| 17-51 

•0?49 j 

•0173 

120 

- 14 13 

0153 

•0173 



I 

1 

Mean -0173 


9 

Table IV. 

/ 

Concentration of iodine =0 006 N » 


0 


* 

* » 


Time. 

» 

(Concentration of 
allO'iichl in c.c. 

k 

t k" 


« * 

ba*ytn solution. 

] 

> 



• 

' i _ 



• 

I* 

•« 

. 


0 . 

60 * 88 

i 



•» 


21 

, * 37* 03 

•0271 

* 


30 

25 M ‘ 

*0351 j 

■ 0536 


40 

• 14-36 

•0411 

j ' -0527 


» 01 

| . IT- tiS 

# 0449 

j -0541 

• 

75 * ■ 

7-81 

• 

•04&» , 

•0534* 


. i 

1 

! 

1 

1 

Mean *0535, 
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Table V. 


Concentration of iodine =0 01179 N. 


* * 

Time. 

Concentration of 
alto-acid inc.c, 
baryta solution. 

i* 

«• 

k' 

k" 

+ * 

0 

58 09 

t * 


e 16 

39 -80 

•0269 


25 

24*35 

•0416 

« 

•0674 

35 

14 90 

•0499 

•0692 

45 

10 ‘27 

• 0557 

•0699 , 

i 

• 1 

c 

f 

Mean -0696 • 


Table VI. 

f e 

\ 

Concentration of iodine =0 0155 N. 


Time. 

4 

r Concentration of 
allo-ELCid in c.c. 

baryta solution 
« 

. .... 1i 

V 

<► 

' 

k ” 

« ' ’ 4 

• 0 

47-32 



r 

» 

13 , 

-32-70 

*0322 

* i 

i 



23 

« 

20 17 

*0442 

4 * 0593 

33 

13-78 

0469 

*0564 , 

«s 


r 


43 

9-8*c 

•0495 , 

*0568 ‘ 


’ 7-48 

« 

*0520 

' 0580 




Mean ‘0/>76 

f 

« • 

# 

\ 
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Table VII. 

* » * 

Concentration of iodine =0^24 N. 


> 

Time. 

* i 

Concentration of 
aUf-acid in c. c. 
baryta solution. 

V 

* k” * 

0 

• t 22-6 

• 


*17 

14-71 

•028S • 

• 

• 



• 

32 

9-76 

1 -0311 j 

j 

•$338 j 

47 

* 671 

• 0)22 

-0643 

1 

62 

4-83 i 

•0334 

•0350 

64 

3-69 | 

•0315 

• 

•0322 


» 

i 

• 

Metn * 0338 


Table VIII. 


Concentration of iodine =0*03,20 2V. 


* 

<» 


* 

4 * 

♦ 

Time. 

* 

* 

Concentration of 
alio- acid in c.c. 

V 

1 * - 

* ** 

baryta solution. 

* 

I 

i 

0 • 

9 — 

83*1 



20 

. 65-07 

•0236 

» 

♦ 

35 

39- *44 

•0251 

•0269 

50 

’ 32- 10 

» 

•0229 

•0225 

65 

21-87 

» 

• -0223 

ft 

•t>218 

80 * 

*13-34 1 

ft 

•0200 

* 

*0189 * 

4 



W 

Mean *0225 1 

1 
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Table IX. 

Concentration of iodine =0*048 N. 

s 

i 

f \ 

I . — — - — — 


Time. 

Conjcerftration of 
alio- acid in c. c. 
baryta solution. 

k' i k" 

j i 

0 

831 

1 

| 

i 

4 

20 

66 • 5 

0121 


35 

55 • 5 

•0131 

j 0146 

50 

47*5 

•0124 

0134 

70 

1 

41-5 

< 

‘0115 

•0114 

! 


j 

i 

Mean *0l£l 


I 

I 


It will be noticed from Tables II- IX that for smaller 
concentrations of the catalyst iodine, the const, k' conti- 
nually increased indicating that in these experiments the 
reaction passes through a period of induction. As, how- 
ever, the concentration of iodine increased to 0’p24 N the 
induction period disappeared and identical values of velo- 
city constant were obtained from the beginning of the 
reaction. That there is this disturb£nce*at tlie beginning 
of the reaction is also evident from the fact that the values 
of k ", calculated from data obtained after some time has 
elapsed after exposure to light, ‘are all identical within the 
limits of experimental error. The variation of the velocity 
constant k" \ with the cqncentration of iodine is given in 
diagrapa I (a). It will be noticed that the constant in- 
creases very rapidly as the concentration of iQdine increases, 
passes through a maximum aMid then diminishes. This 
point wWl be further discussed later on. 

It is important to mention here that the above data 
were obtained by exposing to light a mixturp of freshly 
prepared ^ solutions « of a^o-acid and iodine in methyl 
alcohol.. 
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T)te Effect of 'ageing ’ of the Solutions on the Velocity 
Constants. 

In course of performing the experiment^ recorded above 
it was noticed*that the Results obtained were jnofalways 
concordant. This puzzling phenomenon was ultimately 
tr&ced to the effect of the ‘ageing ’ of the ’solutions of 
the alio - acid apd iodine. It was found that, if the 
reactiop was started by mixing and exposing to light the 
methyl alcohol solutions of iodine and aZ/o-aeid imme- 
diately* after they were separately made, the velocity 
constants obtained under identical conditions of concen- 
tration, temperature and light intensity were always* the 
same. But if old solutions are ‘mixed together and 
exposed to light' the values of velocity constants were 

always less. 

* 

Initial cone, of allo-ncid, 14’23xl0~* N. 

.Concentration of iodine, 15 X 10~* X.* 

Light intensity, 133-138 Hefner. 

Temperature, 32\ , 

Table X. 

Solutions mixed g,nd exposed to light 30 fnin. after 

preparation.* 


Time. 

• 

Cone, of alio * 
acid in c.o. baryta i 
fe ftolution. 

< 

V 1 

• 

• 1 

» 

* 

• 

0 

•hv 

j 

| • 

15 

• 

26-26. • 

•0350 ] 

* 

i 

i 

25 

* i 

. 14-83 

•0409 

• 0727 

. 35 

, ou>o • 

J % -0552 ! 

.*0704 

45 » 

6 '82 

, • i 

•0587 

• 

•0704* 

* 

i 

i 

t 

Mean 0712 

• 
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Table XI. 


Solutions mixed and exposed to light 22 hours after 

preparation. 


Time. « 

1 

Cone, of alio- 
acid in c.c, baryta 
solution. 

j 

I 

v 

h" 

0 

41 *68 j 

i 




16 

23-96 | 

•C342 


26 

16-50 | 

• 0428 j 

•0474 

36 

> 

; 12-03. ! 

j 

•0435 ! 

•0462 

46 

8*05 

l 

•0440 

•0474 

56 

i 

■ 1 

! 

717 • 

9 

i 

i 

•0451 

! 

| 

•0472 

Mean -0471 . 


Table XII. 

Solutions mixed and exposed to light hours after 

* 

preparation. 


Time. . 

Cf>nc. of alio - acid in 
c.c. baryta 

solution. 

- 

L 

k' 

k" 

0 . 

41-91 



u 

■fa 

23-06 

<. 

•0275 

r 

28 

f 

16-84 

•0382 

•0306 

38 

j 12-79 

•0382 

•0391 

48 

9-57 ' 

•0400 

•0409 

00 

7-78 

♦1 

•0400 

•0409 

, 



Mean *0401 
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Table XIII, 

Solution mixed and exposed to light* 68f ’hours after 

preparation. 


1 

• 

Time. 

* a 

Cone, of alio * acid 
ii^c. c baryta 
solution. 

k' 

* * » 

* 

O 

. 41-98 

• 


20* 

24 27 

■0315 . 


38 

| 13*88 

•0359 

•0391 

• 

51 

10*21 

03fy 

•0391 

60 

8 ■ 47 

j * 0366 

*0386 

t 

• 


Mean *0389 


It wi*ll be seen that the values of k " are identical for 
•» 

the “same* experiment, but vary with tjie ageing of* the 
solution. The results ar* plotted in Fig. II. k " dimi- 
nishes with time’ in an asymptotic way, its value after a 
certaip time beconyng more or less constant. It will 
be further noticed .that the values of k' as noted before 
are different for the same experiment for freshly prepared ’ 
• solutions. But with the ageing t of* the solutions, the 
values of k' become identical indicating that the dis- 
turbing influences which were responsible for the induc- 
tio*h ^period have disappeared. The nature bf these 
disturbing influences is not clear* at present. * 

• 

Effect of Irfitial Concentration of the alia -Acid on 'the 
• . . Velocity of Reaction. 

, It was noticed m a previous gaper by Ghosh and Guptfr 
(loc. riff.) Jthat other conditions being the* same, the mono- 
molecular velocity coefficient in chloroform* solutions 
diminishes with irfcrease in the initial concentration 
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of t^he a/Jo-acid. Similar results have been obtained with 
methyl alcohol as solvent, as will be clear from the' 
Table JIV and curve 1(6) wl\pre the results are given 
diagramatically. 


Table XIV. 

% 

Initial concentration of a/Jo-acid, 14*23 X 10~ ? N.' 
Temp =32°. Intensity «= 133/138 Hefner. 


Concentration of 
iodine. 

i 

] *00 27 A’ 

i 

j 

■ 005 3 A 7 : 

i 

i i i ■ 

01066V ! ’0212 V , • 032 .V •(> 4*V 

ii» 

*0543> 

Volocitv coefficient, 

’ k". 

• 

_i 

i 

j *0310 | 

| • | 

i j 

■ 0549 ! 

• 0738 0517 ' 0:i02 - 0268 

i 

— a — — i — 

•02,18 

3 


It will be noticed that the curve I (6)*remaihs .pafallel 

to curve I (a) and is always vbove it. ’ 

« * * 
, / 

Influenoe of Temperature on the Velocity of Reaction. 

• 1 * > 

It has been pointed out before’ that the percentage 
of conversion of the* nf/o-aeid into norMal form, when 
equilibrium was reached, did not. vary perceptibly with, 
temperature, The influence of temperature on ‘velocity 
coefficient was also quite small. 

• 

Table XV. 

t 

Temp v =38°, Intensity= 133/138 Hefner. 

* 

•Initial cone, of «£/o-&cid = 14*23 x 10‘~ 2 JV. 


Cone, of iodine. 

i ♦ 

•00164V 

•0064 V 

0211V 

•0311V 

i 

•0422V 

Velocity coefficient, k" 

9 

•0213 

. | 

•0611 

L ».„ 

i *0613 

•0404 

f • 0304 
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The results are given in curve T (n). 


The Influence of Incident Light jnjhe d r dlocity of 

* Transformation . 


Table XVI. 


‘Initial cone, of a/fo-aeid = 14*2#x 10~- N. 
7 0 a* 32/188 Hefner. T^mp. = 3S.° 


C'»nr. of iodino. 

• 

■0062.V. OIOLV. 

■0190.V. 

» 

j 

0i?48*Y. -03816V. 

• % 

Velocity coefficient, k" 

• * • • 

• 

•01 -oat 

•01 Mi 

:• " 

•0130 -0075 

• • 



• 


# • 

The results are graphically represented in curve V(tl). * 


Table XVII. 

• * 

Initial •crone, of a/tb-nc'd ~ 14 23 x 10"* X ; 


* 7 0 =25/13S Hefner ; Temp. = 38°. 


♦ • 

• 

• 

4 

Cone, of iodine • 

I -» l OS78-V. 

•0I75(LV. 

* 

|* 

• 

Vcdocity.coeffioieift ,,A;" 

* _ , , , 

! • 

•(‘154 

• 

•0100 

• 

• 

* In Table XVllI 

" : " ■ 7 

are given the 

• • 

vakies of velocitv 

• 


£ '* 
coefficients for different intensities of t incident radiation, 

other .experimental condit ions remaining the same, 

5 



286 * 


J. 0. GHOSH AND M. N. MIT It A 


’Table XYIII. 


Initial concentration of flMo-acid, 14*23 xlO -2 N. 
Temperature, 38°. 


Cone, of iodine. 

« 

j Ratios of intensities. 

« 

Ratios of velocity coefficient. 

« * 

, 

.00878 .V 

i< 

i 32,35 = 1 -28 

, -0106/ 0154-1-27 

, • 1756 N 

! . 32 25=1-28 

1 

• 02/016=1-25 

020 N 

j 133, 32 = 4 - 16 

0630/0176* 3*61 

•0248 X 

j 

j r 133 32-4*10 

j 

' •< 516/ 0180 = 3*97 

’030 X 

| 133/32 — 4* 16 

•0420 *0104 = 4*04 

« 

*038 N 

- * 

| 133,32 = 4 16 

•0332/ 0075 = 4-43 ‘ 

• 


It will be seen that the ratio of the velocity co- 
. * ' * 
efficients is approximately -proportional to the ratio of, 

incident intensities. 


Estimation of the Number of Molecules of alio- acid 
transformed per Quantum of Light absorbed. 

r 

In chloroform oolution, one quantum of light absorbed* 

by iodine transformed under, different conditions of 

experiment b e f ween I to 2*8 molecules of alio- acid. 

In methyl alcohol solution, the reaction is far* rtiore 

« » 

sensitive to light. Thlat the velocity coefficients are 

practically independent of temperature and propor- 
tional to the intensity of incident radiation* suggests that 
the mepbanism of reaction .may be a simple one. The 
fact that the velocity poefficient passes through a 
'maximum with increase 'in iodine concentration, whereas 
thef amount of absorbed light steadily increases as the 
concentration of iodine increases at once indicates that 
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Einstein's law of the photo-chemjcal equivalent in* its 
simplest form is not applicable to this Reaction. The 
following calcirtation»indibates the number of •molecules 
transformed by one quantum of light under different 
experimental conditions. Radiant energy frdm a Hefner 
lamp at a distance of 1 metre whose intensity is equal to 
900 ergs per square per cm. sec. produced a galvanometer 
deflection of 138 divisions. The light absbrbed by O'OOliV 
iodine is equivalent to 17 divisions of the galvanometer* 
Hence * ’ 


. . . n x yoo 

energy absorbed = — erg*. 

» 

•Assuming the mean wave-length of efficient light to be* 
500 nn, hv becojnes equal to* 3’9 x 10~ 12 ergs. There- 
fore th,e ‘number of quanta in the absorbed light *284 
XlO 1 * quanta. • * 

• The change of 'a^o-acid in 30 min. (see Table II) in 
2/3 c.c. of tile solution corresponding to a surface *of 2/3 
sq. cm. =*6 38 c.c. of 9’003665 A r alkali. 

Therefore the 1 number of molecules transformed per 
sq. cm. of surface X thickness of 1 era. per sec. 


__ 638 x 0036(55 x 3 x 6- 16 x 10* » _ ,. 7 v J0 1 , 

•t :: ~ 30 x 00x1000 x 2 “ 

• • 

• * • 

Therefore, the number of molecules divided by the 
number of quanta=4’23 X 10 a . , • 

Results o£ the same order were obtained with different 

• • t 1 

concentrations of iodine, 

. It. rarely happens that the velocity coefficients pass 
through a maximum ,as the concentration of photo- 
catalyst increases. This peculiarity of the solvent action 
*of methyl alcohol ..was .also noticed by Soulan an the 
relative c ha nge in the conductivity of a fluorescent 
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solution of esculine on illumination. Here too, for thq 
same intensity of illumination, the relative change in 
the conductivity passes through a maximum as the con- 
centration of esculine in methyl alcohol increases ( vide 
Buie, Phil: Mat/., 192tf, /, 53S). Similar phenomena 
are observed in the production of phosphorescence where 
the intensity of phosphorescence passes through a 
maximum as the concentration of the active substance in 
the solid solution increases (Merrifc, Physical lie view, 
1915,, 5, 319). Recently Rule (foe. oil.) has also observed 
a, similar maximum in the curve representing the vari- 
ation of the E. M. P. of a photo-active cell prepared from 
a solution of a fluorescent dye, with the concentration of 
that dye. Perrip ( Compt . rend. 1923, 177, 4G9) hits 
shown Elat if the concentration of a fluorescent solution 
is increased, beginning at zero, the fluorescence begins 
to increrse, passes through a maximum and then decreases 
‘ as the concentration is further -increased. 


The Elementary Phenomenon of Photo- catalysis by 
Iodine. ‘ 

The photo-catalyst molec/rle of iodine atiso-rbs a 
quantum o£ radiation and passes into the excited state. 
It might revert (1) to the normal stable condition by 
re-emitting the above' quantum of radiation, (2) to 
another stable condition by emitting a quantum of 
different radiation, which we call fluorescent radiation, or 
it mighjt revert to its normal state by colliding with 
a molecule of alio- acid pnd communicating in that 
process, its energy of exbitation to the alio- acid molecules 
which in^theh* turn under the impulse of this increased 
energy, become ultimately transformed into 'the normal 
acid molecules, , r |?he rate of transformation will therefore 
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b© proportional to the concentration of the active iodine 
molecules and the molecules of tile alio- acid# The mono- 
molecular velocity ^ constant with •respf-ct* to alio - acid 
is therefore a measure of the concentration of active 
fydine molecules under the conditions of experiment. 
Now Herrin assumes (Conipt, rend., 1921, 178, 1978) 
that in strong Solutions the molecules of the fluorescent 
body *are protected by each other arjd he suggests ‘the 
following mechanism (vide Rule, Ion. cit.). , 

As the concentration increases the amount of light 
absorbed increases, and hence the number of molecules 
activated increases until a concentration is reached, 
when the whole of the effective incident radiation* is 
•absorbed. Beyond this point the number of activated 
•molecules cannot increase and shoufd have % constant 
vajue but for the protective action of one molecule on 
another.. It may be supposed that a moleaule, capable 
of'being brought to.an pxcifed condition* by the absorption 
of radia'tion, takes a certain finite time to attain its new 

configuration. Now i? during this time a second mole- 

* # v • 

cule of the same nature approaches near the first, it can 
acquire,. by resbnance, part of the’ energy of tfie first and 
so disturb its excited condition. When the solution is 

i , 

dilute' the protective action of me molecules over each 

• other is small as the mean distance between the mole- 
oales is large ; but with increase in concentration the mean 
distance diminishes and this protective influence plays a 
more add more important part until the point is reached, 
where the increase in the number of active molecules due 
to .the mere, fact of ’increase in concentration,and hence 

. absorption of light,-* is compensated for by the reduction 

• in the number ®f molbcules in* the requisite exci’ted state 
due to tbis protective influence. Beyond this point the 
reduction in the number of molecules on account*of the 
protective influence is increpsinglv greater* than the 



290 


J. C. GHOSH AND M. N. MITRA 


increase in the number of active molecules resulting in 
increased absorption of light. The maximum point on 
the velocity constant'— iodine concentration curve and the 
subsequent falling off in the value of the velocity constant 
are thus explained. * 


TiJk Univkesjtt, Dacca. 


Received July 29 , 1926, 



Halogena’tion. Part I. Iodination. 

*■ * 

By 

» 

Phtjldko Sahay Varma and Dattatreya 
Anant Kulkarni. 

t 

•Direct iodination of hydrocarbons, aliphatic or 
aromatic; has always been a matter o£ difficulty. This 
difficulty is attributed *to liydriodic acid, produced in the 
course of the reaction, which reduces the iodo-com pound 
as soon ks it is, fornied. It was suggested 'that the 
presence of iodic ^icid would avoid this difficulty by 
oxidising the h^driodic acid. Some iodo-compeunds have* 
been .obtained in this way. Attempts have also been 
made *to bring about direct iodination in presence of 
‘other substances. Istrati {Bull. Soc. chivi., 1891, (3) 5, 
1 58 / Abs., 1891, $0, 1197) prepared di-iodobenzene 

by the action of a mixture * of benzene,- iodine and 
sulphuric acid (tfV84>). An iodobenzene sulphdnic acid 
is formed wh'ich, along w ith liydriodic acid,* yields sulphur 

ft 

dioxide, w r Rler and di-iodobenzene. 

* * 

i* 

. (t) C e H 5 S0 3 E+ I 2 =C 6 HJ s6,H-f HI 
(ii) CJI^rSOjH + HI ** C§H4lj + SOj*f*HjO 
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Zernoff {J. Muss. Phys. Chem. Soc., 1900, 32, 804) 
carried out a series of experiments on iodination by ngteans 
of the chloride and bromide of iodine. Kdrner aiid 
Belasio * (Aiti. It. Accad. Lincei, 1S08, (V) 17, it, 679) 
iodinated m-nitraniline by means of iodine and potassium 
iodate. Elbs' and ^aroslavzev ( J '. pr. Chem., 1913, (it) 88, 
92} found that iodo-derivatives of aromatic hydrocarbons 
could be obtained by boiling the latter with iodine and 
sodium persulphate in glacial acetic acid solution. 

Datta and Chatterji ( J . Amer. Chem. Soc., 1917, 39, 
435) succeeded in introducing iodine directly into aromatic 
hydrocarbons in presence of nitric acid, and obtained 
good yields of certain iodo-compounds. We find that 
when nitro-sulphonic acid is added to the mixture of 
iodine and fuming mitric acid used hv Datta and Chatterji, 
the process takes a shorter time and the yield is improved. 
The yield is still better if glacial fccetic acid* is 
added 

Datta and Chatterji explain the reaction by assuming 
that nitric acid acts not merely as a catalyst hut by 
oxidising the hydrogen of the hydrocarbon, the nitric 
acid itself being reduced to lower ‘oxides of nitrogen. 
According to them the view that the nitro compound is 
first formed and that the nitro group is then replaced by 
iodine is untenable : they could not obtain even a trace 
of iodo-benzerie from nitrobenzene by digesting it with 
iodine for a considerable length of 'time. 

4 t 

Since a mixture of fuming nitric and nitro-sulphonic 
acid ,has been found to be a better nitrating agent 
than the fuming nitric acid . alone (Varma and 
Kulkarni*, J. Amer. Chem. 'Soc., 1925, 4 143) we 
are inclined to the view that the intermediate 

i 1 * 

formation of the nitro compounds does take place before 
iodine is introduced into the benzene nucleus. It is the 
presence , of this nascent nitrobenzene that helps ' the 
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introduction of iodine into the benzene nucleus. The 
\>nly proof of this assumption is. that a sm<3ll of nitro- 
benzene is perceived when a few , c.c.» of the nitro- 
sulphonic acid mixture are added to the reacting mixture, 
whilst no appreciable quantity of nitrobenzene is found 

* 4 

in the *end products when iodine in sufficient quantity to 
form iodo-benzene is present there. The reaction may 
take place according to the equations, 

* . 

(1) C,H„ + HNO,-» C,H 5 NO./+H a O 

(2) C„H,N(X-fI = C«H 5 I + NO* 

-^■the nitrogen peroxide passing out pf the sphere of 
reaction. Evolution of brown oxides of nitrogen was 
'observed ’ when nitric acid alone or the nitro- 
sulplfonic acid mixture was u,sed. The action’ of acetic 
acid in increasing the’ yifeld of the iodo-compounds can ’ 
be explained by assuming that it helps the reaction by 
dissolwing iodine. 

In order to compare the results obtained by, the 
special method adopted in this paper with those obtained 
*by Da Ha and Chatterji’s method, their’ experiments with 
slight modifications have been repeated sfde by side. 
It is to be noted that the yield by the method of Datta 
and CJhatterji is improved by the mere addition of gla- 
cial acetic, acid at the outset of the reaction. 


Experimental. 

-The fuming nitric ?i»t/ nitro-sulphonic acid mixture . 

This mixture is prepared by passing a steady current 
of sufphur dioxide info cold fuming nitric acid of specific 

6 
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gravity 1*5, until about 50 per cent, of nitio-sulphonic 
acid is obtained. If. the percentage of nitro-sulphonicf 
acid in the Tnisturp is greater than 50 it can be brought 
down to this value by adding to it the required quantity 
of fuming nitric acid. A mixture thus prepared was 
used in the following experiments. 


J Preparation of lodohedzene. 


1. Benzene (30* c. c.) and finely powdered iodine 
'(25 g.) were put into a clean dry .flask fitted with a 
reflux condenser ^nd kept on a water-bath. To this was 
added the nitro-sulphonic acid mixture (12 c. c.) in, por- 
tions of 2 c. c. at a time at intervals of lo minutes. 
After the whole of the mixture was added the flask was 

' kept on the water-bath for half«an hour; the mixture watf 
then allowed to cool and was treated with very dilute 
sodium hydroxide solution to* remqve the' 1 unchanged 
iodine, and washed with water. ,The heavy liquid was 
then separated, dehydrated with fusecf calcium chloride 
and distilled. The portion distilling at 185-8,8° was 
collected separately and was, found to be iodobenzene. 
Yield 15 *6 g. 

2. 'Experiment No. 1 was repeated with the* addi- 
tion of glacial acetic acid (3 c. c.) at the beginning of 
the experiment. The yield of iqdobenzene increased to 
23* 0 g. 

3. * Experiment No. 1 w4s repeated usipg concentrated 
* nitric. acid (sp. gr. 1 ‘42) f instead of the mixture of furping 

nitric and nitro-sulpboriic acid. The yield pf iodoben- 
zene wasT12 , 5 g. (tbe experiment of Datta and Chatterji 
with slight modifications). 
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4>. Experiment No. 3 was repeated with the addition 
•of glacial acetic acid (3 c. e.). Thp yield of iodobenzbne 
was 17*8 g. , * 

5. A number df ex*periments have been carried out 
with the object of finding the proportions that produce 
the maximum yield of iodobenzene. Tlie results obtained 
are recorded in the table below : — 


— — ■■■■■ , 1 — — — 

• ■ | 

Kxpt. . Benzene. I Iodine. 


n 


30 c, c. 2u sr. 




Acetic acid. 

# Nitro- 
sulphonic 
mixture. 

Iodobenzene. 

« 

Nil. 

Nil. 

Nil. 

3 c, c. 

5 c. cv 

• 

UOg. 


f »» 

17* 0 

• ” 

9 

19-6 

«» i 

12 

* v II 

23 0 


15 „ 

» 

| 22-5 

• 

It 

IS 

i » 

. 22*0 

• 

t* 

’ * 

• 

25 .. * 1 

1 * 20-0 


Preparation of Todotoluenes. 

. •• 

6,. Tolupne (30 c.'c.)’, iodine (25 g.) and glacial 

♦ acetic acid (8 c. c.) were mixed. The nitro-sulphonic 

ucid mixture (12 c.7*.’) was folded gradually amd the* 

* 

whole process was qarried out as in Experiment 1. The 
liquid product (washed and dried) tvas distilled, and.the 
fraction distilling between 209 and 21 2° was collected 
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separately and was found to be a mixture o£ ortho - and 
pa»*a-iodotoiueness. Yield 21*5 g. A small residue was* 
left in the clistjlling flask. 

7.' Experiment No. 6 was repeated using concentrated 
nitric acid (sp. gr. T42). The yield of the two 
iodotoluenes was found to be 13’5 g. 


Chemical Laboratory, * 

% Hindu University, * ' 

Benares. Received May 4, .1020. 



Simultaneous Adsorption of (ons from 
Solution. • Paftrt 1. Adsorption of 
Metal Ions by Hydrated 
Manganese Dioxide. 

BY 

» 

MoOLBAJ MKHRpTKA AND KSHITISH CHANDRA S*N. 

A , certain amount of work has been done -on the 
simultaneous adsorption of two solutes from solufcioh by 
adsorbents. Thus Masius (“ Uber die Adsorption in 
Gemischen,” Dissertation, Leipzig, 1908) studied tfie 
simultaneous adsorption of mixtures of* organic acids by 

blosd charcoal and arrived at the conclusion that less 

• 

' of dactj vtas adsorbed than if the other was not present. 
A similar result was also pbtained by* Freundlich and 
Poser ( Kolloid- Cheat . Beili. 1911, 6, 499) with mixtures 
of organic acids and alumina. Schmidt ( Zeit . physikal. 

• Chem ,, 1910, 74, *7 80) also found a similar result in 
the adsorption of iodine and acetic acid by charcoal. 
Other works in this line are those of Lachs and ‘Micbaelis* 
{Zeitr _ ElektYochem .’, 1911, 17, . 1*), Freundlich and 

Kaeinpfer {Zeit. physikeft. Chem., 1915, 90* 681), Kona 
and Michaelis {Biochem. Zeit., 1909, 16, 499) ; Bancroft 
(“Applied Colloid Chemistry ”, 1921, J.13) has summarised 
the main .work in this direction. 

The work described in this paper was undertaken to 
throw some light on . the phenomenon o? antagonistic 
action of ions*jn the coagulation of colloids, specially in 
‘relation to the so-catlpd displacement of adsorption of 
one ion in the presence of another adsOrbable ion of the 
same charge, a point* on which Weyer {•/. PJeys. Chem., 

1921", 25, ‘ 399; 1924, 28, 232) in some recent papers has 

* • 
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laid much stress. According to him the antagonistic 
action of twp electrolytes is, in the main, due to the fact* 
that the presence pf one coagulating ion in some cases 
cuts down the adsorption of the otheV and hence stabi- 
lises the sol towards that coagulating ion. It was, 
however, shown by one of us {of. Sen, J. Phys .• Chem ., 
1925, 29, ‘ 536) that this fact alone would »not be enough 
to 'Cause the antagonistic action. Though the adsorption 
of each is separately diminished, the total adsorption of 
both the ions may be equivalent to the adsorpjtion of 
either of coagulating ions when only one is present at 
the coagulating concentration. Sinqe the coagulation 
of a colloid depends primarily upon a decrease in the 
effective charge on the colloid particles, equivalent 

amounts of different ions are necessary for it. Henco 

«■ , 
when the sum total of the adsorption of the ions separate- 

ly expressed in electro* chemical equivalents reaches 

a certain limit, the colloid will be coagulated irrespective ( 

of whether the original point of adsorption of one ion 

when present alone to coagulate the sol* has been reached 

or not. In order to support the explanation of Weisef 

it is necessary to show that though one of, the ions is not 

t 1 * 

appreciably adsorbed, simply by its, presence the .adsorp- 
tion of k second ion * is diminished considerably. ’ This 
effect would then be similar to the so-called' “ poisoning*’ 
of catalysts. It was felt that the existing data ,.on 
adsorption including those of Weiser are inadequate for 
a proper study of this subject because in no case a simul- 
taneous measurement of the adsorption >of both the 
coagulating ions has been made.’ Thus Weiser {loc. cit.), 
in the coagulation of arsenious sulphide sol by a mixture 
5f lithium and barium palfs, olr.erved. that the adsorp-. 
tion of barium, ion is cut down by the presence of lithium 
but .he did not determine the amount of adsorption of 
the lithium ion at the same time. , 
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« 

In this *paper we have given the results of the simul- 
taneous adsorption of several metallic io$i pairs* by 
hydrated manganese dioxide. We t hav* used a precipi- 
tated sample instead of a sol because it has been found 
that the precipitated oxide can be obtained in a much 
purer state than the colloid and secondly, the results in 
both the cases, are similar, varying only in the absolute 
amount of adsorption. 

. , Expel imental. 

9 

The hydrated manganese dioxide* was prepared, by 
» * 

the Volhard’s reaction in presence of strong potassium 
nitrate solution, washed free from ^electrolytes and then 
air dried. Two grams of the same preparation have been 
•used in each experiment, the total volume of the solution 
being always fjO c.c. The mixtures examined are 
BaCL + CuCl 2 , . Ba(NO # ) s +*AgX0 3 , Ba(N0 3 ) 2 +KN0 3 , 

Ba(']S'0 3 )j+ A1(X< > r ,) 3 * and AgN0 3 + KN0 3 . Copper was 
esfimated volumetriwally by means of thiosulphate, and 
silver, by means of thiocyanate ; barium and potassium 
# gravimetribally a*s suljfhates and aluminium tfs oxide. 
The tiiye allowed for adsorption to take place was twenty 
hours though it was found that equilibrium w$s reached, 
much earlier , 

* Table I. .* 

Adsorption of Copper from CuCL-fcBaClo. 


| 9 Aita<*rncioti in^milli-equiriilents. 

On jLfinu*' coiicen- { • 


U'ttlion Ol l * j 

iu uiilii-equH 
valonts, | 

i 

» 

• Ba'*0 

i 

§ Ha " 1 njiili- 

equivalent. 

• 

• 

Ha” — 15 
equivaloi't- 

• 

equivalent. 


* 

<* 


• 

24*32 

! • 2 42 

1 02 

• 



- 18 24 ! 

! 2 ^24 

; * i • so • 

179 

• 

* 1-64 * 

12*16 • 

1 00 


1 56 , 

1-26 

• 

C * 08 • ! 

• 

1 -65 

• 1-48 

• 

* 1-83 

1*68 
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Table IJ. 


Adsorption of Bn" from BaCl 2 + Cu01 g . 
« 


• 

Original con- 
centration 
of Ba*‘ 
in milli- 
eqliivalents 

• 

Adsorpt 

ion of Ba*‘ in m 

illi-eqni' alezits. 

— «r 

Cu' ‘ — 0 

du--G08 

mini-equi- 

valent. 

« 

! Cu” » 12* 16 
| inilli-equi- 
1 valent 

i i 

j Cu' — 18-24 ] 
■ lilli-ecfai- i 
valent. 

"«■ k 

Cu" =» 24*32 
milli-equi- 
valent. 

t 

% 20 « 

1-366 

1 • 23S 

; 1058 

0-955 

... 

15 

1 255 

‘ 

j 

0-724 

... 

10 

1-109 | 

! 

0 ■ 805 

1 0-724 

(V 059 

0 • 4S4 

5 

0-827 j 

ft 

« . 


... 

4 


‘Table III. 

Adsorption of Ag from AgNO s + Ba(N O.,)^ . 
and AgTs0 3 4- feNO ;i . 

» ♦ - 

Original con- 
centration « 
of Ac’ in 
grams. 

7 ■ 

. Adsorption of Ag' in grams. * , 

ft 

Ba - - = 0 
K=0‘ 

! Ba 1 —0-3434 
RHl. 

Bn= 1-0303 * 
R'n.. 

• 

i • 

1 K-o;wi 

1 gm. 

K* =-0*5865 

gm. 

2-1596 

* «i 

1-6197 

1-0798 

0-63&9 

< — — --| 

0-4413 

0-3922 

0;3360 

0-2581 

« 

1 

0*4413 

t 0-392*4 

| 0 3360 

r 

j 0-2581 

. r 

< 

* 

1 

0-3360 

0-2574 

.... ... 1 ~ 

.... M T». 

* 0*3360 

* 

■> 

0 3921 

« > 

f 


♦g * < 
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Table IV. 

Adsorption of 13a’* from Ba(N0 3 ) 2 + KN0 3 
Ba(N0 3 ) 2 + Al(N0 3 ) 3 . 






Original concen- 
tration of Ba*; 
in mini-equi- 
valents, 

* Adsorption of Ba*’ 

in milli-equivalent*. 

K" - 0 K‘ --- 10 milli- 

Al‘”*=0 .* eijui v,.lenl 

• 

K' ~ 15 milli- 

equivnl«nt. 

f 

Al”* = 14*61 
mi lli-eqni valent. 

1 

* 



• 

\ 

20 * i 

f 

1 « 



15 

I • 4«o : • 

^•92 

1 • 82 

10 j 

I 1 2(5 OOO 


... 

• 5 i 

0-952 




Table V. 


Adsorption of XV" from Al(N0 3 ) 8 + Ba(N0 3 ) s 


Oi initial coDceut rfitiou of A l * 
in inilli eqtii vr.lents, 9 


Adsorption of A1 in inilli-equivalents. 


•1401 


Hu O 


n 44 


: * =» 15 milli-equivalcnt. 

; • _ • 

1*027 


Table VI. 

i 

Adsorption ofK’from KNO s + Ba(NO s ) 2 . 


1 M ifritifil concntifcral ion of K‘ in 
•inilli -equ i v »tle n t r. 


Adsorption of K\iii milli-equivalents. ^ 


40 


Ba* — 0 

0-50 


Ba ■•=« 10 milli-oquivalent . 


017 


-JL* .. 


7 
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Discussion. 

V 

It will be observed from* the« above* tables that with 
the exception of silver nitrate the adsorption of other 
metallic ic»DS such as copper, barium, potassium .and 
^aluminium is decreased in presence of another adsorbable 
.ion. These results are therefore in line with the results 
of other wbrbers already mentioned. Thus witH in- 
creasing concentration of either cCpper' or barium in a 
solution containing a given amount of the o'ther the 
* adsorption of each is more and more diminished. The 
results are plotted in Figs. I and II. The case of 
silver, however, appears to be an .interesting one and 
it seems probable that the adsorption complex of silver , 
and manganese dioxide is a more* stable onq than 
others. Recently Pawlow (KoHoid . Zeit., 1924, 35, 

t i 

37.5) has suggested that the adsorption of. silver 
by mangane.se dioxide is a case of complicated chbmical 
adsorption where silver reacts with Mn(OH), yielding 
various salts of the type, Mn(OH) 3 ,AgO, Mn(OH) g , 
(AgO) 2 etc., resulting in the liberation of. free acid. 
It ma'y be stated here that silver, though a monovalent 
ion, . has a very high pre6ipitatiEg powpr on , a 
manganese dioxide sol and it has been ’ found in 
general that ions which have a great chemical 
affinity for a colloid usually possess a great precipitating 
power. * The difference between the behaviour *of silver 

4 • 

qnd barium seems therefore to point that in the adsorp- 
tion of siHer the adsorptive .forces approach more nearly 
those of primary valency forces. * * * 

Patrick and Barclay ,{J. Phys. Cheni., 1925, 29, 1400) 
have found that in the replacement 'of alkali by ‘means 
of silver, ‘copper, and ferric ions on a rfilica surface, 
equivalent amounts of sjfdium are replaced by > each of 
the heavier ions. F*om our fables; however, it will be 
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Acbxyiptivn of Bd'fnom J8aCl 2 +&iCl 
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apparent that the amount of adsorbed ion is never equi- 
valent to the adsorption of the replaced , ion. On the 
other hand the ’sum of the’ adsorption of two ion« express- 
ed in equivalents is always greater than the amount 
of adsorption of either of them at the same concentration 
when only one is present. Further, in the *nixtur,e 

potassium nitrate and barium nitrate it will be observed 
* • 

that though the adsorption of barium is decreased consi- 
derably in presence ’of potassium, yet at the same time* 
the combined adsorption of potassium and bariirm is 
greater than either that of potassium or barium wh’eif 
each is present alone*. Should this Tresult be confirmed 
in the case of arsenious sulphide sol then we think that 
Weiser’s explanation regarding the antagonistic action^ 
of*potassium and barium ions remains no longer "valid.* 
in Table Vtl tht> results of two experiments of this nature 

are summarised. 

* 


Table VII. 


Cation 

• 

• 

1 i 

Original con- | 
centr&tion iu , 
m\Hi equivalent. f 

^ j 

Adsorption 

separately. 

• 

! Adsorption 
from t 
mix tyre. 

1 

. •! 

Sum. i 

1 

• 

1 t 

9 

1 Percent- 
age 

•decrease. 

i 

Btr 

10 ' i 

# 

1-126 

0*99 

^1-16 

12 

K- •* 

, 10 | 

0*3^ 

0*17 

. » 

) 

80 

Ba" 

. — - *• — — - 

*0 

1 109 

• 

0-724 

* i 

> 2-484 

• 38 

Cu” 

12* 16 * 

1*96 

.. t . - 

1-76 

\ 

9-9* 


» * 

•a We may state here alb*0 that though potossiflm ion cuts (town the adsorption 
of barium yet tl#jro is no antagonistic effect between these two^salta in the case 
of manganese dioxide colloid, Honco simply the cutting down of the Adsorption of 

one cation by another cannot be a sufficient explanation or a proof of tho existence 
• * * • 
of c&tionio antagonism with ^b*S 3 nol. 
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. Another point of interest in Table VII is the per- 
centage decrease of adsorption of one ion in the presence 
of another. Thus* barium is much , more . adsorbed than 
potassium and along with it the decrease in the amount 
of adsorption of barium in presence of potassium is about 
twelve j>er cent., whereas under the same conditions the 
adsorption of potassium ion is decreased to the extent of 
about thirty per cent. In the case of the mixture, copper 
♦and barium, copper is much more adsorbed than barium 
and the percentage of the replacement of cojrper by 
barium is also much less than that of barium by copper. 
These results therefere support the ' general observation 
4 of many workers that the more adsorbable ions are less 
readily replacalde. * 

Mention may be made here of another fact which * at 
first appeared to be puzzling. Thus iij the adsorption 

of barium from a mixture of barium chloride .and ,a low 
t « ( 

concentration aluminium nitrate, it was found that in*- 
stead of decreasing, the adsorption actually increased to* 

i 

more than that from pure barium chlofide. It was 
found out, however, that the presence of nitrate ion 

* t 

increases the amount of adsorption erf barium ion by 
manganese dioxide. Similarly in • presence of sulphate, 
adsorption of copper is increased from a solution of oopper 
chloride. T/i Tables VIII and IX these data are shown. 
It will 'be observed that the aryon has a very marked 
effect on -the adsorption of the cation. 
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Table VIII. 

Adsorption of Ba- from Ba(N.O.,), Witt BaCl 2 . 

^ 1 * • 


Original concentration j 

of pa” in milli- ! 

Adsorption of 

in milli-equivalents. 

• 

equivalents, j 

i 


i 

Adsorption from Bad, 

1 

Adsorption {rom Ba(XO,) s . 

» 

“’T” 

20 ! 

1-366 

1 43 

15 

1 ■ 255 

1-40 

10 

MOO 

1J26 • 

5 

0-827 

0-952* , 

Table IX. 


Adsorption of Copper from CuSO, and CuCL. 


^ t 

# ^ • 

Origjnal cctirent ra- 
tion of CuSf) 4 in 
milli •equivalent*. 

* 

Adsorption of Cu” 
in ntitli-cquivfi-» 
Jent.Nt 

Original concentra- # 
tion of CuCl.^in 
in iiii -equivalents. 

Adsorption of Cn* 
in milli-equivH* 
leuts. * 

2 5*5 * 

i ' 

i * a -20 • 

1 

tc 

# 2 *42 

* 20 -1 

; * ;M4 

18-24 

2-24 

* 1 

15-3 J 

• 

l 2 88 

1216 

1*96 

10* 

2*54 

i 6.0* * ; 

1*05 

. V, 

• 

1 

I'M) 

t 

* » 

1 

• j 

1 

.» 

• 


•The req^on for this behavipur is that sulpfiate ion has 
been found to be more adsorbed than chloride in the case 
of copper salts ( t'f.* Sen, Biochem. Zeit ., 1926, 169^ 192). 
It appears probable that nitrate ion is also more adsorbed 
than chloride in the cas& of barium salts. This result is* 
thus similar to ,tha? c£ Wefsej (J. Phys. Chcm., 1926, 30, 
27), who has recently found that barium is more adsorbed 
from Iwyium ferrocyanide than frsm bariunf chloride by 
arsenious sulphide .sol. Bancroft (Joe. oil.}, also cites 
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references about the effect of acid and alkali in increasing 
the amount' of adsorption of acidic and basic dyes 
respectively. 

In conclusion we may state that experiments are now 
in progress on the . simultaneous adsorption of ions by 
arsenious sulphide, ferric hydroxide and aluminium 
hydroxide' sols and also the coagulation di these sols and 
that of manganese dioxide by the same mixtures of 
electrolytes and hence a theoretical discussion on the 
relation between these two phenomena is postponed for 
the next communication. 

i ‘ 

' Summary. 

% 

3. An experimental study has been made of the 1 
simultaneous adsorption of several pairs of metallic ions' 
by hydrated manganese dioxide. 

2. It has been found that the adsorbed silver cannot 
be replaced by either potassium or barium. Both 
potassium and barium can, however, be displaced one by 
the other. Copper and aluminiurii are also di&placed by 
barium and vice versa. 

, 3. ' In general, with increasing concentration of the 

replacing ion in solution more and more of the adsorbed 
ion is displaced. 

4. It has 4 been found that the ion which is more * 

adsorbed is less readily replaced by a less adsorbable 
ion. ' ' 

5. Tke cation is more adsorbed frpm a salt which 
contains a highly adsorbable anion. 

6. The sum of the adsorption of two . ions from a 
mixture is always greater than the adsorption of either 
of them When present alone in the solution. 

CHBMJ8TKT DhFABTMKHT, 

ALLAI'ABAD tJjriVBBSITY, 

Allahabad. 


• tUc*iv*d April 24, 1920. 



Experiments on Charge Reversal by Hydro- 
gen and Hydroxyl Ions with insoluble 
Organic Acids and Amines and Reversal 
of the Charge of Hydrated Silica and 
Copper Oxide by Solutions of Salts. 

BY 

* 

Jnanendra Nath Mttkherjer and M. P. Yenkatarama 

Tver. 

II 

The influence of hydrogen and hydroxyl ions on the 
charge of colloidal particles is in some respects distinct 
from* that of other ions. Firstly, their capacity to de- 
crease the electrical charge of a colloidal • surface of 
o^jkvsite si’gn is, in general, greater thai? th,at of other 
ions of the same valency. Secondly, ‘reversal of the 
$ign in the initial charge is to be met vrith more frequ- 
ently in literature, when the colloid is brought in cantact 
with acids or alkalis. Attention has been* drawn to this 
peculiar l^ehaviou’S of hydrogen and hydroxyl ions by 
Perrin (/. Chim. Phys.*, 1904, 2, 601), Halier and itlemen- 
siewicz (j£, physikal. Chem 1909, 47, 3S5)«and others. * 
•One of us has reviewed the subject (Phil. Mag., 1922, 44, • 
322) and pointed out the defects in the explanation of 
Perrin. Haber assumed that thp surfa’ce, in virtue of its 
hydration, acta ab a hydrogen and oxygen electrode. It 
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is well known that ‘ electrode * potentials are not identical 
with what haa been terpaed by Freundlich as ‘ electro- 
kinetic* potentials. The behaviour of hydrogen and 
hydroxyl 'ions was explained in the lasb mentioned paper 
from the point of view of the adsorption of ions and 
from considerations * of neutralisation of hydrogen and 
hydroxyl ions in the fixed layer of water., molecules on 
the surf|pe, by hydroxyl and hydrogen ions respectively 
present in the solution (loc. cit .). Recently kartell and 
MiKer {J. Amer. Chem. Soc., 1922, 44, 1826 ; ibid, 1923, 
45, 1106) have made the very interesting observation 
thatcpfccially prepared charcoal, uncontaminated by any 
kind of inorganic salts, a'cids or alkalis when brought into 
contact with neutral solutions of salts, crfn give rise to 
acid or alkali. Theoe authors ( J . Phys. Chem., 1924, 
28, 992) "in explaining this so called hydrolytic 

adsorption points out that it is necessary to i( make 
assumptions similar to what, has been suggested by 
Mulcherjee. 

Fajans^if. Physical. Chem., 1921 ,$7, 478) and|Mukher- 
jee {Far. Soc. Disc., Oct., 1920) have pdinted out that a 
strong adsorption of constituent ions by jtolar. precipitates 
is to be expected ( vide also Mukherjee and Roy,./. Indian 
Chem. Soc., .1924, 1, 173 ; Taylor, J. Phys. Chem., 1925 , 29, 
942). It is therefore of interest to kee whether hydrogen 
and hydroxyl ioifs could not behave in a similar manner, 
with insoluble acids and bases, For thi6 purpose w© under- 
took an examination of the effect of hydrogen and* hyd- 
roxyl ions on the charge on the surfuces of « particles 
of insoluble organic acids and amines* It would „be also 
of interest to see which of the a‘bove two explanations 
■drill yepresept the facts better in such cases. In the 
course of this investigation, we have come across r. fact 
of considerabteinterest regarding the theory of adsorption 
of ions. We have found that contrary, to general 
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experience, in a number of cases, the charge on these 
particles as measured by the rate of electro -osmosis, is 
not affected by multivalent ’ions of q’pposite sign, 
though hydrogen and hydroxyl ions ’have a characteristic 
effect. 


Experimental. 

The variations in charge were measured by elecfro- 
osmotic experiments. The arrangement we used is that 
.described in AW/// e, Dec. 2, 1922 (see also Mukherjee 
•.and B. C. ltoy, J. Chew. Soc., 1921* 125, ISO) The 
results recorded in this paper are of a semi-quantitative 
nature. . Provided the movement of the air bubble is 
not too small, they are •reproducible within o per 
cent. 

In these experiments care was taken to see. that the 
conditions were as far as possible identical. To mini- 
mise variation# in temperature, * the apparatus vvas ( 
immersed in a large bath of water. . After each reading 
the, substance in the bent portfon of the U-tube was 
.left at rest fdr some time. 

.. '{'he various sparingly soluble organic acids, wjiich were 
used, as diaphragms, were all recrys Utilised from absolute 
alcohol und washed thoroughly with conductivity water. 
The same sample IVas used for all tlm experiments. 
The substaqce was carefully washed with the electrolyte 
in question *in stqpmed Jena-glass bottles and then 
kept in contact .with the efecirolyte for 21 hours, aftt-T 
which 4 hey were, used for the plectro-osmotic 

experiments. 

* 

8 
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Table I (A)*. 

( Sparingly soluble Acids. 


Electrolyte : Hydrochloric Acid. 


Con cent ration of 
electrolyte. 

m 

Bee 2 oi c acid. 

Cinnamic 

acid. 

Salicylic 

acra. 

Boric acid. 

Pure Water. 

V 1 *4 

— 10*6 

-8*1 
• • 

-3*2 

N 5000 

• 

+ 2 6 
r 

—9*5 

... 

I e * 

37/2000 


.. 

... 

! -2*7 

t * 

aV/1000 

+ 4-6 

i 

-62 

* —0*4 

*• 

f JY; 500 

+ 0-8 

-1-3 

-0*2 

-0*5 

N,100 

0*0 

* . J 

-0*6 

0*0 

+ 126 


Table 1 (B), . 

Sparingly soluble , Acids. 

t 

Electrolyte : Sodium Hydroxide. 


Concentration of # 
electrolyte* t 

Benzoic acjd. 

Cinnamic 

acid. 

$ 

• 

Salicylfo 

acid. 

Borij acid 

t 

Pure water raise. 

g 

+ 1*4 

-10*0 

-8 1 

> 

-3*2 
» * r 

3T/5000 

+ 0"7 

« 

* 

-11*3 

* 


Nf2000 t 

0*25 

-9*0 

... 

* -3*5 

n/iooo 

i 

... 

-10*0 4 

-13-7* 

... 

Nj 600 

0*0 

-18*6 * 

-12*4 

-4*0 

t 


• 

* m 

' 

Nj2SO 

I 

j 

-210 

t 

... 

* N/ 100 ‘ 

! -2*85 

1 

< -18-e ' 

! 

•'100 

-8*36 


• yh® electro-osmotic daUL given above represents the diatanoe in omi. moved 
by the air bobble in 3 minutes. The sign in this knd following table* indicate* 
the sign of charge of the particle*. , 
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Table II (A). 


Sparingly soluble Amino acids. 

* 

Electrolyte : Hydrochloric Acid. 


Concentration of electro* 

\jt*. * * 1 

« i 

• 1 

Pheoyl-glycine-o- 
c&rboxylic acid. 

m - A mino-ben loic 
acid. # 

• 

Pure water 

— 1*2 

• 

+ 0-36 
* 1 « 

y/5ooo ... • ... 

- 0-9 , 

+ 1*1 

ff /1000 

* 

♦ 1*8 

+ 4-5 

• N /600 

+ 2*4 ! 

m 

+ 6-4 

V / 2$0 ... . 

* 9 \ 

42*9 

* + 8*9 

U/190 • ... , 

* * 1 
1 * 

+ 4-0 

+ 12*0 

« 


Table II (B j. 

Sparingly soluble Amino acids. 


Electrolyte : Sodium Hydroxide. 



I 



• 

Concentration of electro- 
lyte, . 

f 

Phenyl glycine-*)- 
oarboxylic acid. 

w* A mino- benzoic 
ioid. 

• 

N/60Q0 

1 

* * 

. 

-1-45 

« 

* 

-0*5 

Vi 8000 

7*. 

t -1-60 

1 

-1M 

K/boo 

< 

\ -*1 '66 

-186 

HI 250 

t 

... 

-160 

-5-60 

HI 109 

* 

4- 

— - - • — 

-160 j 

l_ I 

-ato 

• 
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TkBLE III. 


Sparingly soluble Amine dnd Ester . 


- , — - 

Concentration of electro- 
lyte. i 

i 

j>*Nitrani)ine. 

• 

4 

Salol. * 

Pare water value 

c 

t- 

K3 

»— 1 

\ 


- lO'TS ‘ 

% Hydrochloric acid 

JY/2000 ... 

• 

-7- nr. 


-12-7 

4 

JN r £»ii<> .... 

-2*70 


-8-2 

XI 00 

+ 3-0 


-5*1 

0 Sodium Hydroxide 

N 12000 

-18-5 


-30*0 

>7500 ...* 

— 18*0 

*■ 


-32*2 ' 

Nj 100 

. • 

•F 

— 13*5 


-30;0 / 

_ I _i 


# 

l'ABLE IV. 

C 



Electrolyte : 

© 

Potassium 

« 

Chloride 


Concentration of j 

Boric 

Benzoic 

Cinnamic 

1 9 Salicylic 

electrolyte. 

*■ 1 

acid. 

acid. 

f 

« acid 
' * 

I acid. 

I 

• 

Pare water 

c 

-3.2 

+ 1*4 # 

• 

f 

1 -s-o, . *i 

i 

-8-1 

>75000 

-1*9 

+ 1*5 

-8-3 i 

-73 

Nl 1000 ‘ ... 1 

— 1*9 ; 

i * 

•* 

i ' 

t-8-3 

-7-3 * 

N/500 

« 

jr 

+ 1*4 

< -8-2 

* -7-6 

Nl 100 ‘ 

-0*4 

+ 1*3 ! 

. -8-2 

-8-0 

« 


-4«, 

i 

• 



EXPERIMENTS ON CHARGE REVERSAL 


313 


Table V. 

* i 1 

Electrolyte : Barium Chloride. 


Concentration of d*ctro- 
tjte. , 

Bi 

»ric acid. 

Cinnamic acid. 

• 

*75000 


-1 05 

• -9*0 

N 1000 


- 1 • 00 

I -9-0 

iV 500 

{ 

-1-00 # j 

-9-6 

,V1(0 

t 

1 

! 

_ l 

-0-7<> 

... ..... .... L 

t „ 

j -9-0 


Table VI. 

„ • 

Cinnamic Acid and Aluminum Chloride. 

• « 


• , | 

Cdhcentration of aluminium 

* chltfride. 

i 

* f 

Charge. 

I 

* 

0 1 

-80 . 

1 

A\'2000 ,! 

-702 . 

-V.51KI 

-1*2 

X 100 

• 

o 

6 


* 


Eiectro-osrhotic experiments were also carried out 
faith one inorganic insoluble acid and one insoluble^ base, , 
namely hydrated silica and hydrated eopjfer oxide. Only 
two electrolytes were* used for experiments wdtta silica 
as a number of electrolytes have been previously examin- 
ed in this laboratory. 
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Table VII. 

♦ . 

Hydrated Silica. 


Concentration of electrolyte * Aluminium chloride. j Aniline hydrochloride. 

* f * 


Pare water value. 

« 

-3*5 

— 3^5 

*2^/10,000 

EE. 

# —3*6 

tf/1,000 

-4.6 

-2*3 

¥1 2/50Q 

—‘4* 2 

-1*0 

tf/1,000 

— 2*4 

-0*1 

*W/500 

40-5 

• 

40*45 

Ni 260 

j 

+ 1-10 

JT/100 * 

4 1*5 

♦ 

4-2*0 * 


T - * 


• Table VIII.' 
Hydrated Copper' Oxide.' 


Concentration of 
electrolyte* 

: 

Potassium ! 
sulphate. 

$ 

Potassium 

chloride. 

Sodium 

chloride. 

« 

Barium , 
chloride. 1 

l 

i 

1 Potassium 

1 nitrate. 

: 

« 

Rubidium 
i itrate. 

t i 

Pure waiter 

+ 2 767* 

4-4*4 

4-4*4 

i 

4-4*4 

i 

4 - f*25 

4 4 25 

value 

i 

N 15,000 

• 4 70 

+ 1 1'6 (?) 

# 

4 13 7 

« 

• 

i 

•** I 

4-14*7 

414*6 

N/lfiOO • 

4-4*0 

+ 166 

• 4-15*4 

4-14*0 ' 

1 4-lfO 

' 4l2*7(P) 

NjbOO 

4*2 6 

+ 147 , 

4-14 3 
« 

4 - 14*2 

4-13*6 

4 141* 

% 

NI 260 

4- l b 

I 

... 


♦ 

... 

y/ioo 

- 1*6 

, 4- 13 3 

4-13*6 

4 13*0 

4-12*6 

« 

4 13*1 


# A different satnpl^of the hy drated copper oxide wai used for this experiment 
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Discussion. 

i 

(A). Adsorption of Constituent Jons. 

We Bhall consider in this section the influence of 

alkalis and acids on the charge on the insoluble organic 

acids, bases, and also on salol. From Tables I to III, 

it is evident that while benzoic and m-aminobenzoic 

acid ard positively charged in contact with their own 

solution in pure water, the other acids investigated are* 

negatively charged It is to be noted that the positive 

charge on the particles is markedly increased or nega* 

tive charge diminished by hydrochloric acid. In the 

case of boric and the amino acids we actually notice a 

reversal of charge. Boric acid behaves in one sense 

differently from .the other acids. Alkali has little effect' 

.on its charge. Jt is probable that on account of the 

solubility -of the acid and the greater strength ‘of adsorp- 

•tion'of the anion, the- surface is nearly saturated with 

anions when the 'substance is in contact with its own 

saturated solution. In the other cases investigated, 

e.g. t salijcylic and cinnamic acid in presence of hydro- 

chloric acid, the 1 charge tends to a zero valine but up to 

jfche concentration used no reversal has been observed. 

* * 

In thosfe cases where the, particles have initially a small 

negative charge, it seems that a reversal can ,be observed 

whereas with cinnamic, and salicylic acid there is no 

reversal of charge probably on* account of -the initial 

high negative charge on the surface. We coitld not 

use higher concentrations of acid, as the. evolution of 

gases. on account of electrolysis produces a serious source 

Qt error in ohr measurements. In fact, the change in 

voliime consequent on 'evolution of gases is already a 

source of terror at the higher concentrations lor which 

W # • 

measurements are giyen in the tables. Further it shtfuld 
be noted that the ‘figures given ,above„ can give* us no 
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definite information regarding the relative intensities 
of' the adsorption by these substances as the size of 
the capillary passages, the actual potential drop and the 
potential ^gradient are not all identical.* The values, 
however, give us a qualitative idea of the general nature 
of the variations. 

, Regarding the influence of the jiydroxyl ion on 
the charge on these surfaces, it is noticed that itji all 
these cases, with two exceptions, the particles become 
more negatively charged. In the alkaline solutions 

i. ^ i * 

therer are evidently the anions of these acids, i.e., benzoate, 
binndmate, salicylate, etc., and the results obtained show 
that there is a strong tendency towards the adsorption 
of these constituent ions. Even in thrs case, we notice 

f 

.that at a higer concentration there is a slight but inuph 
less marked diminution of the negative charge Which 
again points to the electrical adsorption df the cation. 

• In the case of the two amino acids which are. am 
photeric, we notice a greater tendency . on their part to 
get positively charged. It is, also to be observed that 
the increase in the negative charge 'on the addition df 
alkali is not so great as for the dthei; acids. ‘The pre- 
sence of arriino group seems to increase the adsorption 

t * 

of the hydrogen ions and decrease that of the afiion or 
hydroxyl ions. 

To, sum up, we notice : 

4 ' , 

(a) Eor the acids, af strong adsorption of constituent 
ions. ' 

(b) In Ahe contact with saturated Solution of the 
acids, two of them (benzoic acid and m-aminobenzoic 
acid) are positively charged. The rest are negatively 
charged. It seems that' of the constituent ions, in some 
cases, tjie hydrogen and in other case the* anion (or 

f 

hydroxy lion) is more strongly adsorbed. 
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(c) At * higher concentrations the adsorption of the 
•ion with a oharge of opposite sign to that .carried * by 
the surface becomes more pronounced., 

{d) The amino acids take up a positive charge more 
easily than the others implying that the amino groups 
on the surface react with hydrogen ions in solution and 
lead to the adsorption of the latter. The strength of 
the* adsorption of the hydrogen ions is also indicated 
by the fact that even at fairly high concentrations., 
the positive charge does not decrease, on account of the 
anion absorption. Hydrogen ions are thus more strongly 
adsorbed than the anion (hydroxyl ions). 

(e) It is rather surprising that both p-nitraniline 
and salol carry a negative charge in contact with pure 
water, indicating strong adsorption of the hydroxyl ions.’ 
.A reyersal of charge has not Been observed for salol up to 
a concentration of .V/100 hydrochloric acid. The strong 
sadsoVption of the hydroxyl ions is also indicated by the 

• very large increase* in the negative charge in the presence 
of sodium hydroxide. Ih both these eases we have to 
conclude that the hydroxyl ions (of the anion of the 
acid) are more • strongly adsorbed ’than the hydrogen 
ions. 

• * » • * 

From the above, it appears that the constitution of 

tile acid has a decided influence on the intensity of 
adsOfrption of hydrogen ions and of the anion of tile acid, 
but it is also tb he noted that considerations of consti- 
tution alone cannot give us an indication of the strength 

^ f * . * 

of adsorption ot the ions. This is w hat is to »be expected 
if the ndsorpltion of the constituent ions lead to the growth 
of the crystal in conforTnity wi,th its structure. Though 
the conditions in tile interface are* not the - same as those 
inside the crystal, yet ’the energy change associated with 
the change In hydration, should also be taken into account. 

9 
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,We have stated in the introduction that' the strong 
adsorption V)f the hydrogen ions may be referred either 

* A 

to the .adsorption of a constituent ion or tq the neutrali- 
sation of tile hydroxyl ions in the fixed layer of adsorbed 
water molecyules by the hydrogen ions in the solution. 
The faet that the substances in contact with their Saturated 

i 

solutions are either positively or negatively charged 
according to their nature points definitely to the primary 
wid preferential adsorption of one of «the *ions (compare 
Mukherjee, Phil. Mag., loc. eit. p. 330). 

* (6). Effect of Solutions of Salts on the Charge oj 

sparingly Soluble Acids. 

*. 

# It is well knswn that the adsorption of constituent 
ions is much more intense than that of* other ions, - even 
if they carry a charge of opposite sign* to that of the 
surface. From Tables IV, y and VI we find tiiat neutral 
electrolytes have very little effeH on the charge. In the* 
case of boric acid, we find that both , potassium chloride* 
and barium chloride bring down the charge to nearly zero 
at a. concentration ,pf V 1 00 ; whereas in the case of 
cinnamfc, salicylic and benzoic acids, neutral electrolytes 
have practically no effect on the charge. *On comparing - 
the effect of aluminium chloride with that of hydrochlo- 
ric acid on Cinnamic acid, we find that there is very little 
difference between. the two sets* of v»lues. Considering 
that hydrogen ions are present in the solution .on ‘account 
of hydrolysis, aluminium ions do not 'seem to have much 
effect. The* observation that , potassium and barium 
chloride and probably alumininm chloride havC very 

little jeffect on some of the acids is rather unusual. We 

# * * * 

are not awafe of similar observations. The great 
difference in* the adsorption betweeh the ions of neutral 
electrolytes, and the constituent ions, points >to the . 
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conclusion t,hat the latter are primarily adsorbed by ckemi- 
• cal forces and are not electrically adsorbed ini a hydrated 
state. These observations also point to the conclusion 
that the surface is strongly hydrated, and consequently 
the electrical adsorption as defined by one of us is very 
wdak. »It has been pointed out by one of us, { Phil. Mag 
loc. cit.) that adsorption of hydrogen ions or hydroxyl ions 
from th© solution in a dehydrated state cannot be distin- 
guished from ^ the neutralisation by these ions of the 
hydroxyl or hydrogen ions respectively present in the 
primarily adsorbed layer resulting from the dissociation 
of water molecules.. The weakness of the adsorption o'f 
other oppositely charged ions and the strong effect of 
hydrogen ions point to the existence of this type of 
neutralisation. Thus we are inclined tb believe that ip. 
addition to a strong adsorption of constituent ions, we are 
’dealing- with the’ neutralisation of hydroxyl and hydrogen 
# ions. present in the primary layer, by* hydrogen* and. 
# hydroxyl ions respectively in the solution and resulting 
in the formation of water .molecules. 

* The observation that the charge of boric acid is not 
at all affected by, alkali can be explained from this point 
of view if we assume that boric acid ^eing a relatively 
‘ stronger, acid, the hydroxyl ion concentration is Smaller, 
apd hence the neutralising' effect is almost absent. As 
stated before, the surface must be assumed to be satu- 
rated with anions at low* concentnatiair. 

(C). Inorganic Acids and Bases. 

U 

* 

It has been observed by Krishnamurti* in this labora- 
Jory that up to* a concentration of JV 7 /100, hydrochloric 
ackf does not reverse the charge *of hydrated silicft. He 
could not* also observe a reversal in the, charge with 


* Unpubl i»ked work. 
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barium chloride. A.s silica is negatively * charged in 
contact with water it « was expected that trivalent ions* 
may reverse* tbte charge. Mukherjee and B. C. Roy (J. 
Chem.Soc*. 1924, 125 , 476) observed that in presence 
of aniline hydrochloride the negatively charged sols of 
mastic, gamboge, etc., become positively charged. * It will 
be seen*from Table YII that both aluminium chloride and 
aniline hydrochloride produce a reversal in the charge*, of 
silica. The absence of a reversal witty aci<}s is probably 
connected with the fact that the hvdrogen ion is. not a 
constituent ion of the solid phase as it is in the Case of 
f?he organic acids. The silicic acid .molecules probably 
exist on the surface only and there in a hydrated state. 
The initial rise in the charge followed by a reversal 
^observed with Aluminium chloride is of considerable 
theoretical interest as this form of the curve is difficult 

* t i 

to explain from the point of view of the independent 
adsorption of cations and anions by a negatively charged, 
surface (Mukherjee, Phil. Mag loc. cit. p. 343). 

The influence of neutral . electrolytes f on copper 

hydroxide is in contrast to their e'ffect on the Organic 

acids or on silica. « These results' haye an important 

bearing on the nature of the exchange of ions between 

those in the double layer and those in the solution. It 
% < 

will be seen from Table VIIT that sulphate ions caji 
reverse the c'harge and we attribute this property t<?, its 
being divalent. The ions in the primary l$yer must be 
assumed to be univalent. They are probably cupric ions 
with a ‘fixed’ hydroxyl ion forming univalent units. 
What is more interesting to observe is that all the other 
five electrolytes practically snow the same. behaviour and 
• the positive charge incre/iseh in each case to a maximum 
and then decreases. For the chlorides the rate of flow 
at the same normal concentration is practically indepen- 
dent of .the cation. The increase jn’tliQ charge cannot be 
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due to the adsorption of cations, as otherwise differences 
between the effect of different cations were sjire to Lave 
beea observed. The increase in the ehatge probably 
indicates that the anion of the electrolyte penetrates the 
double layer, and a redistribution of ions takes place, and 
a number of hydroxyl ions are displaced from the double 
layer and that * a larger number of positively charged 
ccppe** ions remain ‘ uncovered 1 2 3 4 5 than before. The ions 
in the primary layer must be in equilibrium with those 
in the mobile sheet. The relative numbers of hydroxyl 
ions and other anions in the mobile sheet are mainly deter- 
mined bv their relative concentrations in the solution. 
There being now a considerable number of anions (other 
than hydroxyl) m the mobile sheet, the anions in the 
primary layer which cover the ‘ fixed ’ cupric ions will -in 
part consist of the anions of the electrolyte. On account 
of the* weaker adsorbability of chloride or nitrate ion as 
compared with that of hydroxyl ions there will remain 
a larger number of free positive charges in the primary 
layer. 


i . * 

*■ Summary and Conclusion. 

(1) Acids and alkalis have a ' marked effect on the 
charge on the surface of particles of insoluble organic 
aaids. 

(2) Insoluble organic acids (including amino acids) 
show a strong adsorption of the constituent ions, and one 
of the constituent'' ions is in general more str-ongly 
adsorbed than the other. 

(3) Neutral electrolytes, e.g., potassium chloride or 
barium chloride. have little effect on the charge of tile 
sparingly soluble acids. 

(4) It has been shown that besides a strong adsorption 

of constituent ions we have evidence of the adsorption of 
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hydrogen and hydroxyl ions in a dehydrated state. This 
type of absorption probably consists in part in the* 
neutralisation 'of hydrogen and hydroxyl ions in the 
primary layer (which are formed by the dissociation of 
fixed water molecules) by hydroxyl and hydrogen ions 
respectively m the solution. 

, (5) Presence of the amino group increases the 
adsorbability of hydrogen ions. „ 

(6^ Aniline hydrochloride and aluminium chloride 
reverse the charge of silica. With aluminium chloride 
there is an increase in the negative charge at low concen- 
trations and then a decrease followed by a reversal. 

(7) Sulphate ions reverse the charge of copper oxide. 
No reversal has been observed with chloride and nitrate. 
Neutral electrolytes increase the positive charge of copper 
hydroxide. The effect depends on the anion and is in- 
dependent of the nature of the cation (potassium, sodium, 
barium). The importance of this observation has been 
pointed out. 


Physical Chemistry Laboratory, 
University College of Science, 
Calcutta. 


Received July 7 , 1926, 



Nitration. Part II.* Simultaneous Diazotisation 
* and Nitration of Aromatic Amino- 
■ Compounds. 

By 

Phuddeo SahaY* Vakma and P. V. Krishnamurthy. 

• 

, A few cases of simultaneous diazotisation and nitra- 
tion have been noticed where the activ*e agent .used for 
the. purpose was nitrous acid. 2:6-Dinitro-cresol was 
obtained ,by treating 2-nitro-p-toluidine with p,n excess of 
nitrous acid by Knecht (Ann den, 1882, 215, 90). 2:6- 
Dinitro-cresol was produced by the action of nitrous 
acid on jo-fcoluidinfe (Martius and Wichelhaus, Ber., 1869, 
2, 207). 5-Brom-3-nitro-cresol was obtained along with 
brom-o-eyesol by the action of nitrous acid on bfom-o- , 
toluidine (Claus and Jackson, J. p?;. Cliein., 1881, (ii), 
38, 32 j Wrobleskwi, Annalen , 1873, 168, 165’). 

, A systematic investigation of the subject was carried 
ojtu by Deninger ( J.pr . Cheni., 1889, (ii), *40, $96) who 
tried the action of nascent nitnous acid (obtained in the 
reacting mixture by the action of acids on sodiunj nitrite) 
on various amino-coiApounds and obtained nitro-phonolic 
compounds.. He succeeded thus in getting o- and jo-nitro- 
phenols from aniline,-©- and/)-nitro-cresols from o-toluidine 
and a nitro-cresol from ^»-tolUid,ine, dinitro-dipheool and 

* Part I of this series has betMi published in the$Journal of the American Chemi* 

• * 
cal Society (Varma and Kuikarni, 1925, 47, 143), 
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dinitro-di-cresol from benzidine and toluidinp, £-nitro- 
a-naphthol and dinitro-naphthol from a-naphthylamine, 
and a-nitro*,/8-paphthol from jS-naphthylamine. In 
attempting, to prepare p-broih phenol Atom j?-brom- 
aniline nitrate, through the intervention of the diazo- 
reaction, Olivieri { Oazzetta , 18S4, 14, 459) employed 
nitrous anhydride from As 2 0 3 and HN0 4 and succeeded 
in getting nitro-brom-phenol which result he attributed 
to the use of HNO s of too high specific gravity and to 
tfte production of N0 2 therefrom. 

Attempts have been made in this paper to bring about 
nitration and diazotisation in one operation by means of 

r 

nitrous gases produced by the action of concentrated 
nitric acid on arsenious oxide. A number of amino- 
compounds have been tried and a good yield of nitro-^ 
phenolic compounds in a fair t state of purity has been 
obtained in several cases. This method appears ,to,‘be 
quite suitable for. the preparation of some of these nitro- 
compounds in the laboratory. ' 

Thus from aniline 2:5-dinitro-phenol, from jp-nitra- 
niline 2:4-dinitro-phenol, from p-cbloro- aniline ♦ 2:3- 
dinitro : 4-chloro-pheno[, from £>-brom«aniline 4-brom-3- 
hitro-phenol, ..from s-tribrom-aniline s-tribrom-dinitro- 
phenol, from o-toluidi,ne 4-nitro-o-eresol, from 5-Jbrom- 
o-toluidine 5-brom-3-nitro-o-cre>3ol, from . n-toluidine 
2:6-dinitro-cresol, from m-xylidino 6-nitro-m-xylenol, 
from o-anisidine ^-.nitro-phenol-omethyl ether, from 

• i 

benzidine a mono-nitro-phenolic compound, from <?-amido- 
salicylic acid nitro-proto-catecliuic acitl, from o-amido- 
benzoic acid 3-nitro-salicylic acid, from m-amido-benzoic 
acid 5-nitro-3-hydroxy benzoic* acid, from ,'a-naphthyl- 
a^nine 2-nitro*a-naphthol, from /S-naphthylamine 1-nitrp- 
/3-naphthol have been obtained, whilst o-nitraniline pro- 
duces no dednitb prodqct and m-nitraniline gives yellow 
shining plates, the nature of which is not jet determined. 
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Experimental. 

The usual procedure in carrying out thqjle experi- 
ments has been to dissolve the hydrochlbride of the. base 
in water or the base itself in hydrochloric acid solution, 
or if it is not very soluble, to keep it in Suspension, cool 
the solution or suspended mass in a freezing mixture 
below 0 ° and then pass nitrous gases for about half an hour 
(or less, if gases are no more absorbed), allow the reacting 
substances to stdnd for some time, in some cases overnight, 
and therf heat on a water-bath for half an hour, ^llow 
them to cool, remove the crystals separated, recrystaJliee * 
them from rectified spirit and identify* them by determi- 
nation of melting ppint and the percentage of nitrogen. 


* 

Starling material . 

- § ' 

(«g. was taken in each case.) 

A?niline hydrochloride . 

o-Nitranilme dissolved in 

hydrochloric a<iid. * • 

w/-iVitranifine dissolved in* 
hydrochloric acid. • 

p-Nitraniline dissolved in 
. hydrochloric acid.* 
p-Chloratiiliue dissolved in ... , 

hydrochloric acid. 
p-Bro niaviiline dissolved in 
hydrochjoric acid. 
«-Tribrom-anil)ne. 

» 

. * 

o-Toluidine hydrochloride. ....' 

5-Brom-o-toluidine dissolved ip ... 

hydrochloric acid. 
p-Toluidine hydrochloride. 
m-Xylidine in hydrochloric acid ... 

solution. » ' 

• • 

10 


Product. 

]}initro-phenol ( 1 *5 g.). 

No definite product. 

Yellow shining plates, extiemely 
explosive. . 

Dinitro-phenol (1*5 g*.). * 

% 

% • * 

2:8-Dinitro-4-ebloropIlenol (l*5g.). 

4-Brom-*’-nitrophenol, yellow 
places, m* p. 89° (0*4 g ). 

«-Tribrom-dinitrophenol, y<illow 
plates, m. p. 195° (0*4 g.). , 

4-nitro-o-cresol (2*l*g.). 

3-13i*oto-3-nitro-0-cresol (:?*5 g.) 

* 

2:6-Dlnitro-p-crosol (1*8 g.). 

6-Nitro-/«-xylenol (1*8 g.). 
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Starting material . 

(2g. was taken in each case.) 

** o 

o-Anisidine in hydrochloric acid ... 
solution. 

W 

Benzidine hydrochloride. 

« 

o~ A mido-saliycylic acid in 
hydrochloric acid solution. 

o-Amido-benzoic acid in hydro- . . . 
chloric acid solution. 

‘at-Atnido-beuzoic acid in hydro- ... 
chloric acid solution. 

a-Napbthylamine ir\ hydro- 
chloric acid solution. 

/9-Naphthyhmine in hydro- 
chloric acid solution. 


i^rodttct. 


A small quantity of jo-nhro- 
phenol-o-metbyl ether, brown- 
ish hiack plates, m. p. 58°, 

A mono-n itro-deri vafci ve, m. p. 
104° (i-fc g.). 

Nitro-protocatechuic acid, de- 
composing above 200° (1*2 g.). 
3-Nitro-salicylic acid (1*8 g.). 

i 

5-Nitro-8-hydroxy -benzoic acid, 
pale yellow needles, m. p. 166° 
(1‘2 g-)- .. 

2-Nitro-a-napthol, deep reddish- 
brown crystals, m. p. 126-127° 

(l'» g )- . 

l-Nitro-/9-naphtho?, thin red 
crystals, m. p. 104° (1*9 g ). » 


In the case of aniline hydrochloride, the reaction is 
vigorous and the solution is coloured deep green, chang- 
ing to deep red on standing. Shining yellow plate-like 
crystals (m. p. 104*°) are obtained from rectified spirit 
(Found: N=15*65. C 6 H 3 (N0 2 j 2 OH requires N= 15*25 per 
cent.). . 

From m-nitraniline* yellow shining thin plates of 
extremely explosive nature are obteined. This product 
is not yet identified. 

With p-chloraniline, brownish yellow crust is formed, 
the solution turning deep yellow at the same time. Ou 
crystallisation long yellow needles, m. p. 70-71°, are 
obtained, (Found: N=12*99; 01=16*29. C 8 H 2 (OH) 

(NO) 2 Cl requires N=12*81 ; Cl *= lf3*05 per cent.). , 
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With o-toluidine, the alcoholic solution is* scratched 
with a glass rod before fine reddish-brown needles, m. p. 
81-82°, are obtained. (Found : N=9*30.' C e H 3 (GH 3 ){OH) 
N0 2 requires N=917 per cent.). 

From ©-toluidine greenish- yellow plate-like crystals, 
m. p. 80-81°, are obtained. (Found: N=I4*10i C fl H„ 
(CH 3 )(0H)(N0 2 ) 2 requires N = 1415 per cent.). 

With* w-xylidine, the reaction is feeble* and the solid 
product separates on’ keeping in a vacuum desiccator. 
Brown hygroscopic plates, m. p. 92°, are obtained. 

With a- and /3-naphthylamines, the reacting mixtures ' 
should not be heated bn water-bath above 50°, else char- 
ring takes place.. In both cases good yield (about 
.SO'per cent, of the theory) of the nitno-derivatives is 
obtained. 

Chemical Laboratory, 

Hindu, University, 

Benares. ' Rereived Slay 5, 1926. 



Nitration. Part III. Nitration of Naphthalene. 

BY 

Phttldeo Saeay Varma and C. Kushirama Menon. 

a-Nitro-napbthalene is a compound of great commer- 
cial^ importance as it is required in quantity for the 
preparation of a-nanhthylamine and. of a-naphthylamine 
. sulphonic acids. Attempts have been made to study the 
methods of the preparation and see if the existing method 
of manufacture* can be improved. The manufacture of* 
this compound is described by Witt ( Chevn . Ind. '1887, 
10, 25) a mixture of nitric and sulphuric acid is 
employed as a nitrating agent, the temperature being 
kept at 45 — 50° until towards the end when it is raised to t 
60°. The whole process is completed in one day. The yield 
is said to be about 95 per cent, of ' the theory. - Trilier * 
(D.‘ R. P. 100417) obtained a-nitro-napb.thalene by passing 
an electric current through a mixture of one part of naph- 
thalene and 50 paKs of nitric acid (d 1*25) at 80°.‘ 
Amongst other methods for i'he preparation of a-nitro- 
naphtbalane, one by the action of N0 2 on naphthalene 
(Leeds, J. Amer: Chem. Soc 1880, 2, 283) -may be 
mentioned. 

The part played by sulphuric "acid in nitrating mix- 
tures has not yet been satisfactorily explained. “ It is 
generally understood that the advantage of the addition 
of sulphuric acid is to .absorb the water formed during 
nitration and thus to keep the nitric acid from being too 
dilute. The stronger the acid and the higher the tempe- 
rature* the larger the amount of nitro-groups introduced”.* 



NITRATION OF NAPHTHALENE 


329 


(Sudborough : Bernsthen, “ Organic Chemistry.”) If this , 

is true, there is no reason why mechanical! absorbents of 

water should not equally serve the purpose, but so far 

as the nitration of benzene is concerned this fs not the 

case, as in experiments that have been carried out in 

this laboratory in which the place of sulphuric acid has 

been taken by plaster of Paris and such other* substances, 

no improvement in the nitration of benzene has been 

observed. . But ,so far as the nitration of naphthalene is 

concerned the case has been found to be different. In 

* • 

this case plaster of Paris and quick-lime have bfeen found 
equally effective in removing the water formed during 
the reaction and in giving as good a yield of nitro- 
naphthalene as that obtained in presence of sulphuric acid. 

In addition, a number of other dgents, some of them 
pever, tried before on naphthalene, have been tried with 
a view, to ascertain their utilitv in nitration. The various 
•nitrating agents used in the experiments deseribed in 
this paper are given below with the yield of a-nitro- 
naphthalene obtained therefrom. Five g. of naphthalene • 
wdre treated in ‘each case. 


Ejcpt.’ 

t — - 

* 

Nitrating Agent. 

. • 

i 

• * 

Yield of a 

* • 

* 

■nitronaph. 

• 

In grams* 

In per cent. 

r 11 

• 

1 

Con$. UNO, alone , * 

» 

4-7 

70 

2 

Cone. HNO, + Cone. H,SO, (5 c.c.) 

• 5-8 

86 

3 

Cone. HNO., + acetic anhydride (0’5g) ... 

5-2 

77 

4 

Cone, HNO, + quicklime f0 5g) 

58 , 

86 

5 

Cone. HNO,+plast^r of Paris (0 5g) ...» 

5-6 

86 

.6 

Coup,. HNO, + P*. 0 , (0 5g) 

5-8 

86 

7 

Fnmipg HNO, +Nitro-sulj)honic acid ... 

5*4 

80 * 

8 

NaNO, + Conc. H,SO* 

5‘5 

81 • 

9 

NaNO.+dilifte JH.SO/ .... 

29 

•43 

10 

NO, 

0-5 

7 

11 

&0 - ... 

0-2 

i 3 

12 

A 

j i •*• ••• * 

A 

" 4‘2 , 

| 73 
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It is obvious from the data given above that the same 
yield of a-nitBO-naphthatene is obtained by using nitric 
acid either in* presence of conc.„ sulphuric, acid or of 
phosphorous pentoxide or of quick-lime or of plaster of 
Paris. Sodium nitrate and cone, sulphuric acid and a , 
mixture of fuming nitric and nitro-sulphonic acids also 
produce gobd yields. It is interesting to note that 
neither NO nor NO a gives appreciable yields of nftro-' 
naphthalene whilst N 2 0 3 produces a good, yield. 

In certain cases ,a mixture of a-nitro-naphthalene 
and naphthalene was obtained as the final product. 
Herd difficulty was experienced in ascertaining the pro- 
portion of the two constituents in the mixture without 
involving considerable loss in separation and purification. 
This difficulty was (*ot over by finding out the boiling 
points of a mixture of a-nitro-naphthalene and naphtha- 
lene and drawing a curve therefrom. With the help' of 
this curve it is possible to have a rough idea of the 
amount of the two constituents in the mixture. 

i 

Experimental. 

* * 

* 

Variation in 'the Boiling point of a Mixture, of Naph- 
thalene and a- Nitro-naphthalene : — five g. of naphthalene 
were placed in a dry test tube the mouth of 
which was closed by a loose plug of cotton wool through • 
which passed a thermometer. The test tube ^ was put 
inside an irqp chimney so that the bottom was just above 
the surface of the wire -gauze placed 4, at the bottom of 
chimney. The gauze was then heated with a steady flame 
and the boiling point of the substance in the' test-tube 
was »quickly and carefully noted so*> as to- avoid loss of 
material by evaporation. The cotton was removed, different 
quantity of a-nitro-naphthalene introduced, the mouth of 
the test-tube .quickly closed and the boiling point noted. 
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The experiments were repeated with 5 g. of pare 
a-nitro-naphthalene at the outest and determination of 
the points made successively whe.n no ntlphthalene was 
present and when 1, 2, *8, 4 and 5 g. of naphthalene were 
successively added. The results obtained are recorded 
below : — 


♦ • 

Naphthalene. ! 
(in gnig.) 

• ' 

i 

a-Nitro-n aphthalene. 

* 9 

Boiling point. 

i 

! 

Percentage 
of a-nifcro- 
naphthalefte. 

• 

i 


• 

0 ! 

5 

298° 

. too. 

1 


254° 

83-3 

2 

• 

• 2»(J° 

71 4 

3 i 


231° 

62-5 . 

4 

j » 

227° 

55-5 

5 


225° 

50 

5 

! 

22* 

50 * 


4 

2235° 

445 


3 

223° 

37-5 

ft 

2 

220° 

28-5 

t 

j » 

l ! 

• 218° . 

16 7 

• 

0 

• 

210° 

*0 


® • • 

, The accompanying curve is drawn with the boiling 

points* along the Ji-axis and the percentage of the. consti- 
tuents tilong the JT-axis. . • 

A Mixture of Concentrate Sulphuric and Nitric 
Acids . — Concentrated pjtric acid (d. 1*42; 5 c.c.) was 
mixed with concentrated sulphuric acid (f> c.c.) in a flask 
ot '100 c.c. capacity. The flask vyas placed bn a water- 
bath and powdered naphthalene (5 g.) was added gra- 
dually during the # course of ten minutes. Tlie mixture 
was well-stirred after eajch addition, the temperature being 
maintained* at 40-50°. After every addition of napthalene • 
there was an evolution of brow r n fumes of nitrous gasps. 
When the whole of the naphthalene had been added 
the temperature \Vas gradually raised to 6®° and main- 
tained for half an hour. The contents w r ere then allowed 
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to cool. The reddish-yellow cake was freed from the 
adhering liquids and crystallised from rectified spirit, m. p. 
58-5°. Yield & 8 g. of t a-nitronaphthaleme. 

Concentrated Nitric Acid Naphthalene (5 g.) 
was added gradually to concentrated nitric acid (d T42 ; 

5 c.c.). The subsequent operations were the same as in ' 
the preceding case. Yield of a-nitro-naphthalene was 

4*7 g- . 

Nitric Acid in Presence of Acetic Anhydride : — 

Naphthalene (5 g.) was mixed thoroughly with acetic 

anhydride (0*5 g.) and concentrated nitric acid (5 e.c.) 

was 'added drop by drop with continuous stirring in 

about five minutes, the vessel being cooled from time to 

time to prevent rise of temperature above 50°. When 

the^ whole of the acid 1 has been added, the mixture was 
« 

Vvarmed to 60° for half an hour, cooled, treed from the 

adhering acid and crystallised. Yield 5-2 g. By using 

* *» 

1 g. instead of 0 5 g. acetic anhydride the yield w r as 5 6 g, 
Nitric Acid in presence of Quick-lime, of Plaster of 
Paris and of Phosphorus Pentoxide:— Similar experiments 
using (a) 1*0 and 0‘5 g. of quick-lime, (b) 1*0 and 0’5 g. 
of plaster of Paris and (e) 1*0 and 0*5 « . of phosphorus 
pentoxide gave in each case 5 8 g. of a-nitro-naphfhalene 
from 5 g. of naphthalene*. 

A Mixture of Fuming Nitric and Nitro-Sulphonic 
Acid : — This mixture contained about 50 per cent, of 
nitro-sulphonic acid. This „ mixture’ (5 c.c.) was taken 
in a flask gpid naphthalene (5 g.) was added at intervals 
in five minutes. The evolution of brown fumqp was very 
copious. The subsequent procedure was the same as in 
the preceding cases. a-Nitro-naphthalene (5‘4 g.) and 1 : 5- 
diiritro-naphthalene (0 2 g.) jyefe obtained. , 

Sodium Nitrate and Concentrated Sulphuric 4,cid • — 
Naphthalene ‘(5 g.) and sodium nitrate^ (5 g.) were placed 
in a round-bottomed flask and concentrated sulphuric 
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Acid (2 cue.) added. The flask was immersed in an 
oil-bath and heated gradually in am hour to 5 l 00°, adding 
in the meantime 3 c.c. more of sulphuric acid. The 
contents were thoroughly stirred. Naphthalene melted 
and gradually turned deep red. Aftei; being heated for 
10 miriutes more, the flask was allowed to cool and the 
solid cake washed several times with water an*d crystal- 
lised.* Yield of a-nitro-naphthalene, 5*5 g. 

Sodium Nitrite and Dilute Suphuric Acid : — Powdered 
naphthalene (5 g.) was suspended in dilute sulphuric 
acid ’(50 c.c.) in a round-bottomed flask on oil-bath. 
Finely-powdered sodium nitrite (5 g.) was added *at 
intervals with stirring. Brown fumes were evolved and 
•on raising the te*mperature, molten naphthalene changed 
to a yellowish and then to a brownish holour. The reaa- 
tiqp wa^ more vigorous at 109-110°. When the whole of 
sod\ufn rvitrite \vas added the flask was heated for half 
ait hour more and t allowed to cool. The solid product 
crystallised from* rectified spirit. Yield 2*9 g. 

Nitrogen Peroxide * — This peroxide was led, into the 
flask* containing naphthalene (5 g.). The gas was passed 
for about 45 minutes. No action took place in the cold # 
but when the naphthalene melted, some* action took 
plape.' The flask was cooled and the product crystallised. 

• The boiling {joint of the ’product was found to be 230°. 
Therefore only 0*5 g. of a-nitro-naphthalene is^present. 

' JVitric .. Oxide : — 'this oxide was led into molten 
naphthalene (5 g ; ). Only 0*2 g. of a-nitro-naphthalene 
was found in the product. * 

. Nitron# Gases .---Nitrous gases, prepared by the 
action of nitric acid on arsenious oxide, were* led into 
naphthalene (5.g.f which *w$s attacked slowly at the 
outset but vigorously later on when naphthalene melted 
by the heat evolv6p in the reaction. *Thd flasH was 
cooled to prevent * too much heating. The gases were 

11 
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passed for half an ft hour and the contents of the flask 
hea'ted for) another half an hour at 60° and allowed to* 

cool. The crystalline product (4*9 g.) was found to be 

» » 

a-nitro-naphthalene. 


Che mica l ‘Laboratory, 
Hindu University 
Benares 
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. Adsorption by Polar Precipitate. Part III. 
Electro- osmotic Experiments witlj 
Silver Iodide. 

By 

Jnanjbndranath Mukherjee and PHiyanath Kunitu. 

• • • 

In a recent paper on the adsorption of ions by freshly 
prepared lead chromate, it has been pointed out (Mukher- 
jee and Roy, J. Indian Chem. Soc., 1924, 1, 173) that 
electro- osmotic experiments give us a tetter idea of th^ 
adsqrptiop of ions than analytical methods. They point 
out tyiat jthe latter do not give any indication as to 
whether the adsorbed, iori|* replace those o’f the same* sign 
in the crystal lattice thus leaving the crystal and its 
surface electrically’ neutral, or are adsorbed on the*surface 
*(with6ut exchange of ions) which consequently becomes 
electrically charged through an excels of the adsorption 
of ions of one sign. .Electro-osmotic .measurements en- 
able jus *to follow the relative adsorption of ip’ns of both 
aign. It has ’ also been pointed out that analytical 
methpds give an idea of the net exchange of ions, between 
the d'ouble layer and the solution, bdt our observations 
on the variation of the charge on the surface give* us an 
idea of the adsorption hf ions of both sign in the fixed 
layer, of ions ,on the surface (Mukherjee and Ghosh, J. 
Indian Chem.*Soc. y 1921, /, 213). Taylor and Beekley 
( J.'Phys . Chem. % 1925, 22, 91 S?) have recently measured by* 
analytical tnethods th,e adsorption of ions by precipitated 
silver iodide. They p^int out the desirability of studying 
the a*d sorption of substances by chemically pure suhtances 



336 J. N. MITKHBRJKE AND P. N. KTJNDD 

and they worked with silver iodide as it can be ( prepare* 
in a Very pufe condition. 

In the present pqper the results of experiments witl 
silver io'dide similar to those a 1 read/ carried out witl 
lead chromate are recorded. 

i 

Experimental. 

I i 

The arrangement we used for electro-osmotic measure- 
ments is a modified form of that used by Briggs (Mukher- 
jee and Roy, J. Indian. Chem. Soc., 1924, /, 173).,* The 
reuults'are reproducible within ±7 per cent. The preci- 
pitate was shaken with water or electrolyte in a stopper 
Jena glass bottle, kept for 24 hours and then poured 
in the U-tube. The precipitate being heavy settled with-' 
in an hou'r. 

The preparation and purification of the precipitate 
require great care and in this matter, the procedure 
described by Taylor and Beekley '(loc. eit.) has been 

4 

scrupulously followed. The silver iodide thus obtained 
was found to be free from adsorbed and occluded .salts, 
and tu be quite insensitive to light as rtated by the above 
authors. ■ ' 

The results are given in Tables I and II. 1 The figures 
give. the movement of the bubble in cm., per minute. 
The sign indicates the sign of the charge carried by the' 
particles. ' The concentrations are .given in gram equi- 
valents per litre. At concentrations higher than those 
in th^ table, the results become unreliable on account 
of electrolysis.’ 
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Table I. 1 


Electrolytic j 

concentration, j 

! 

AgNO, * 

} 

1 T '* 

! n 

i 

! 

i 

K,SO. 

1 

KBr* ! * KI 

T • ! 

-6-a 

-00 

» 1 

-6 6 

-6-6 -6-6 

•0001 1 

1 

+.7-3 

— 11 4 

i 

! 

, 

»0002a 1 

+ 8-1 

— 1 2 • ( J 

— 15-3 i 

i 

P 

1 

i 

-12-5 

1 

•0004 

, + 105, 

— 15 ’3 

-12-7 , 

•001* 

[ 12-5 

— 6*7 

-18-2. ; 

-21 -7 -15 0 

• 

•002 ' 

J electrolysis 

-18 2 

-10-4 

— 20 • 8 ( ? ) 

•004 

i ...» 

-20 ‘2 

-1^-7 

— 23*0 


Table II. 

J • 


- * . # 

Electrolytic KN0 3 * ! Ba(N0 3 ) t Ca(NO ) t j AT(N0 3 ), 

concentration, t * ( 


0 * 

i . 

• » 

-3*9 j 

» i 

-3-9 

— 39 

-3 9 

-3-9 

4 

• 0002 , 

j 

-90 

-13 1 

-6 2 

• 


• 

•001 

-1*3-8 

— 16 8 

-8*5 

-^*7 • 

— 4*5 

•002 i 

«* 

-18-4 ■ 

1 

-9*8 

• 

-9*9 

• 

—4*5 

* 

TO4 

i 

1 * 

- V>1 

j —96 

1 

c 

-3 5 


, * 

’ Discussion. * 

A. Change in Contact with Water. 

• J . 

We find that, similar to what has been observed 

in the case of lead ^chromate, purified silver iodide is 
* negatively charged in contact with water. In view' 
of the case taken tc? prepare the substance free from 

) * 

A different sample of silvtr iodide was used in this experiment. 
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electrolytes and the fact that silver nitrate was present 
in excess at the time of* precipitation, one may assume 
that the negative charge is not due to an adsorption of 
an excess of iodine ions by the surface. If this be true, 
then the initial negative charge may be ascribed to either 
of two sources : 

•(1) A* preferential adsorption of hydroxyl ions from 
water, or (2) what appears more probable on theoretical 
grounds, silver ions are perhaps held « less « strongly on 
the surface than iodjne ions. It is possible to imagine 
that some of the silver ions on the surface, in virtue of 

t: 4 * 

their thermal energy, loosen themselves from the lattice 
and form the mobile sheet of the double layer. 

From the point of view of the latter alternative all* 
that we nped assume is that at any instpnt under con- 
sideration a number of silver ions remain near the sur- 

«> 

face in a mqbile state and take part in the conduction 
of electricity whe’n a potential gradient acts along the 
surface. The assumption that the iodine ion is more 
intensely held in the lattice than the * silver 'ion is in 

< i * 

keeping with the well-known fact than the transference 
,of electricity in solid Silver iodide and maciy other salts 
takes place mainly through the positive io,n. However 
we shall see 'presently ' that iodine ions are apparently 
less strongly adsorbed than silver ions and that further* 

* t> 

work is necessary before we can be sure as to the validity 
of this explanation. 

t, 

« 

B. t Adsorption of Constituent Ions. 

# 

Unlike the case of lead chromate we find that, of the 
constituent ions though silver ions are adsorbed much 
more stroDgly thdn the other cations we have used, iodine 
ions are adsorbed less, strongly tha^j most of the other 
univalent anions. The intensity of 'adsorption of silver 
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ions is apparent from the fact that at a coryeontration of 

0;001 normal, the rate of electro-o*smotic flo^ has changed 

from 6 6 to 12’5, whereas at the sarrfe concentration, the 

adsorption of iodine ions has increased the rate of flow 

from 6 - 6 to 15 0. The weakness of the • adsorption of 

iodine’ions is unexpected and difficult to account. Even 

assuming that the initial negative charge is to be ascribed 

to* th<? excess of iodine ions on the surface over silver ions, 

the magnitude of4he change in the positive charge points 

to a* stronger adsorption of silver *ions. Eurtljer • the 

nitrate ion is more strongly adsorbed than other .aniqps 

and taking this into consideration, we find that adsorption 

of silver ions is greater than that indicated bv the rate of 

*electro-osmotic flow. It is also not possible to refer the 

freak effect of iodine ions to strong adsorption of potassiuffi 

ior\s, as it is well known that alkali metal ions are not 

prirhaYils adsorbed (of. Mukherjee and Ilay, J. Chcm. 

Srfc., 1924, 125, 476} while *tlie electro-osmotic data’point 
* 

to weak adsorption of iodine ions, we are prevented from 

drawing a*definite conclusion, as we have also 6bserved 

that in ,the presence of potassium iodide the precipitate 

breaks up into smaller particles.* Until the Increased * 

frictional resistance* that is to be expected from a 

» • 

diminution in the size of the particles has been taken into 
Account, the question must be left open. 1 

• . 

C. Adsorption of other Ions. 

■v 

t 

As usual we notich the valency effects t of catioifs on 
the .negatively charged* surface. So far as we could 
observe visually we found that the other electolytes do 

1 * • i 

’ • » I • 

1 Hitherto, all methods which have been used for measuring the rate of 
electro-osmotic flow overlook th’te source of error, Afi apparatus, otfvinting this and 
other sources eff error in the measurements, has been devised in this laboratory but 
it has not yet reached a^oonvenicyit form. * 
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not* produce a change in the size of the particles of the 
precipitate. *’ Comparing the different potassium salts * 
other than t the iodide we observe thft bromide increases 
the negative charge to the greatest extent. 

Taking into account the differences in the negatiye 
charge of the two samples of silver iodide it appears that 
thb nitrate ion is more adsorbed than the chloride ion. 
Considering also that the adsorption of a sulphd'te ion 
means an increase of two units of negative charge, the 
adsorption of sulphate ion is weakest of the aniohs we 
have used. The order of adsorption of anions therefore 
appears to be bromide > nitrate >chloride> sulphate. Ex- 
cepting the nitrate, the order is the < same as that of 
increasing solubility. As with lead chromate we notice 
"that the «nitrate is more adsorbable and that the solubi- 
lity of the nitrate gives us no idea as to the adsorbabUity . 
of the nitrate ion. We observe that, barring the 'iodide, 
these results are very similar to jvhat has been observed ‘ 
with lead chromate. The solubility of the corresponding 
salt appears to be one of the 'factors determining the 
intensity of adsorption, though it is evident thpt other 

* t . * 

factors have? also to be considered. Lastly . we would 
point out that electro-osmotic experiments give us an idea, 
of the relative adsorption of the cation and anion on the 
surface, whereas analytical measurements of adsorption 
give us an idea of the adsorption q,s a whole in the double 
layer. 

Summary and Conclusion. 

• C t 

« 

(a) Purified silver iodide ‘carries a negative charge 
in contact with water. 

4 # 

(A)* Of the catione — silver,* potassium, calcium, 
barium, aluiqinium — silver reverses the charge on the 
surface and imparts f* strong positive charge to it and the 
order of * adsorption is Ag>Al>Ba ; Ca>K. 
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(<?) As ppposed to the well known strong adsorption 
*)f constituent ions we have observed that the iodine ion 

m 

is very weakly adsorbed by silver iodide. ThiS is surpri- 
sing in view of the observations of LottermosJfer and of 
Fajans and Beekerath (Z. Physikal Ghein. % 1991, 97, 478) 

A * 

that constituent ions are strongly adsorbed by insoluble 

silver salts. It has been pointed out, howeveV, that 

diminution of the size of the particles takes place when 
* • 

the precipitate, is i^ contact with potassium iodide and , 
the increased frictional resistance ipay explain our 
observation. 

• 1 t 

(d) Of the other anions the order of adsorption 
appears to be Br # >NO 8 / >01 / SO/. 

, ( e ) Attention’ has been drawn to the necessity of 
simultaneous measurement of frictional ’resistance of the 
diaphragm in electro-osmotic experiments —a source of 
error . not ^ taken into consideration in the ijaethods of 
•measurement which are in use. 


Physical Chemistry Laboratory, • 
University College of Science, 
Calcutta. 


Received August //, 1926 , 



Halogenation, Part II. Direct Iodination in 
Presence of Sodium Nitrite and 
Fuming Sulphuric Acid. 

BY 

« ♦ 

Phtjldeo Sahay, Varma and K. Q. Kama Panickab. 

* 

' Id a previous communication Varma and Kulkarni, 
(this Journal page 29]) it has been “shown that iodine 
can be introduced directly into the . benzene nucleus 
by means of a tnixture of fuming nitric and nitro- 
sulphonfc acids and that the presence of a small 
quantity of glacial acetic acid in addition, " increases 
the yield of the iodo-deriva^ives to a considerable eitent. 
This investigation has been continued further and it has 
been found possible to introduce iodine directly into the 
benzene nucleus in presence of sodium nitrite and fuming 
sulphuric acid. Ordinary concentrated sulphuric acid 
may be' used instead of the fuming acid, but the yield is 
smaller. In this case also glacial acetic acid (2 c.c.)' 
increases thd yield of the iodocompound.. Experiments 
have been made in order to find the proportions that 
produce* the maximum yield of. iodo-benzene and the 
proportion^ given in Expt. 5 have been found to give the 
maximum yield. It is possible Jo * get 11.5 g. of iodo- 
benzene from 10 g. of benzene which comes to about 70 
per cent, of the theory. Some benzene remains unacted 
upon. Any attempt to convert this remaining benzene 
into iodo-benzene, by healing for a longer period or by 
changing ‘the proportions of the reacting materials, results 
in the formation of poly-iodo-derivatives. The yield of 
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iodo-benzene obtained bv this method is better than*that 

* • • 

obtained by the methods of Datta and Chattesjee (*71 Amer. 
Chem. Soc ., 1917, 30, 45^ and of Varma and Kulkarni 
(loo cit). Moreover, the time taken for the operation is 
short, the whole can be finished in an hoar and a half. 
Toluene and xylene have also been similarly treated and 
iodo-toluens and iodo-xylenes been obtained. 


Expekimental. 

• . 

In the experiments tabulated below, a mixture of 
sodium nitrite, iodine, the hydro carbon and if necessary, 
glacial acetic acid is put into a round-bottomed flask, 
connected with a reflux condenser and heated on the 
Water-bath. Sulphuric acid is then dropped in small" 
quqntitie? at a time. A t the end of a specified period, 
the flrodvyjt is washed first with water then, with very 
• dilate sodium hydroxjde, solution and finally with distilled 
water. The product is then dehydrated by fused calcium 
chloride and distilled. • 

Instead of fuming sulphuric acid, a mixture of con- 
• • * 
centrated.and fuming sulphuric acid'has been used to find - 

t if the yield pan be. improved but without success (Vide 

Expts. 1 and 14). It is interesting * to note, that the in- 

arease of fuming sulphuric acid beyond ascertain limit, 

keep](pg the quantities of other ingrediants the same, does 

not iriprease Uut decreases the yield of’the iodo-compounds. 

( Vide Expt. 10). > • 

The fuming sulphuric acid contained 10 per dent, 
sulphur trioi^ide. 
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On the Constitution of Arsenious Sulphide Sol 
in* Presence or Absence of Arsenious Acid. 

BY 

» Sudodh Gobinda Chaudhtjry 

AND 

• Pkiyanaih Kundu. 

In a recent paper (J. Indian Chem. Soc., 1925, 2, 

• 301) Mukherjee and Chaudhury have* shown t^at, in the 
presence of acids, variations in the migration velocity 
of .the colloidal particles of arsenious sulphide prepared 
under different conditions «are different’ Freundlich and 
Nathahsohn (Koll. Zeit., 1921, 28, 258) have suggested 
that the, free hydrogen sulphide present in .arsenious 
sulphide sols is* photochemically oxidised to sulphur 
. dioxide which again reacts with* hydrogen sulphide tp 
form pentathionic, acid and sulphur. The sulphur 
adsorbs polytliionate ions and thus passes into the colloidal 
Bulphur. Murphy and* Mathews (J. Amer. Chem. Soc., 
2 J )'2 3; 45, 10) mention that the assumption of t}ie presence 
of polythiopic acids is necessary to ‘explain the increase 
in the • conductivity of the sols on exposure, to light. 
Bhatnagar ,and Lakshan Rao have also shown »in an 
interesting study ( Koi.-Zeit ., 2923, 33, 164) that the 

* * i | | i 

transformation of tfye colour of orange sols of arsenious 
sulphide into yellojv is *dup to the oxidation of the 
particles. Accordingly it seemed desirable to investigate 
the constitution of different samples of arsenious sulphide 
sols, as prepare $ ana used in this laboratory. 
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Experimental. 

« 

Arsenious sulphide sols wer$ prepared, under two 
conditions : ' 

(1) Equ?(l vokumes of a solution of arsenious acid 

prepared by diluting a saturated solution with ‘ equal 

volume of conductivity water, and of a saturated solution 

of hydrogen sulphide in conductivity water, were fnixfed 

quickly and thoroughly shaken (Sol A)* That the sol A 

contains free arsenious acid was shown by passing 
* 4 
hydrogen sulphide into the liquid filtered from arsenious 

sulphide sol after precipitation by an electrolyte. 

(2) Equal volumes of a solution of arsenious acid 

obtained by diluting a saturated solution with equal* 
volume of conductivity water, and of a saturated solution 
of hydrogen sulphide in conductivity, water weije mi^ed 
quickly and .thoroughly shaken. Hydrogen sulphide .was 
then passed into the mixture till np free arsenious acid 
could be detected in the filtrate after precipitation by an 
electrolyte. Pure hydrogen was* then ' bubbled through 
the colloidal solution till there was no free hydrogen 
/sulphide (Sol B). ‘ . 

Portions of these sols were taken for determination 

V 

of arsenic and, sulphur/ Twenty-five c.c. of the sol* were 
dissolved in excess of liq. ammonia fort, ’ oxidised by* 
hydrogen peroxide, evaporated to dryness in a water-ljath 
and dissolved in watdr. The solution containing arsehate 
and sulphate was filtered from impurities present* in the 
ammonia. The precipitate was washed carefully and the 
wash-liquor was added to the previous filtrate. Arsqnic 
was then' estimated as magnesium pyroarsenate, and 
sulphur .as barium sulphate! The, arsenic present as 
sulphide in a colloidal state in sol A was found from the 

. <6 * t * 

difference in the total arsenic andi that present in the 
filtrate after precipitation with an electrolyte. The 
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arsenic npt present in the colloidal state was estimated 
as above in same volume of the sol after removing the 
colloid by coagulating it. Results are git-erf below : 

» I 4 • 9 

In column II are given the number of grdm atoms of 

arsenic present as colloidal sulphide |n 25 c.c. sol. In 
* • 
column III are given the number of gram atoms of 

sulphur which have combined with the number ‘of atoms 

of* arsenic given in column II to form the sulphide. The 

ratio between thejn is given in column !tV. 

IT III* 

Sol. A. 0 0007075 0 001163 

» 

Sol. B. 0001213 0&)2416 

, Discussion. 

, » 

The constitution of sol A, where arsenious acid was 
'• • • 

in "pxcesjs, corresponds to orpiment, arsenic trisulphide. 
The coustitution of sol B, Where arsenious acid as Well as 
hydrogen sulphide was absent, corresponds either to As 2 8 3 , 
As 2 8 5 or to As 2 8 s ,’H 2 S. • The latter formula Ae 2 8 3 , H 2 S 
is the more probable one because very little or none 
of the pentasulphiSe is formed in the absence of ally acid.. 
Bhatnagar and Lakphan Rao ( loc . cit.) have analysed the 
coajg’uium of arsenious sulphide sols prepared in a manner 
» similar to sol B but in the dark and have found it to be 
of. the composition As 2 S 2 , #H 2 S. 

They have also suggested. that’ arsenious trisulphide 
found on exposure to light in the coagulum is formed by 
the oxidation of As 2 9 2 , H 2 S as represented below : » 

* As 2 82 ^H 2 S + a?0‘=ASjiSs-fa:H 2 0 + (a?— 1) 8, 

The possibility df such abreaction in the present case 
seems to be remote! Our results show that in diffused 
light As 2 & 3 , H 2 8 is formed when prepared in presence of 
excess of hydrogen^ sulphide. Tliis substance gives out 


•IV.* 

1 ? 1-^6 » 
1 : 2 
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freej^iydrogen sulphide, and the oxidation referred to by 
previous authors is of the hydrogen sulphide thus 
generated, tf’he* ratio of arsenic to sulphur in the sols 
has been determined twice with identical results. 

The composition., As 2 S 3 , H 2 S corresponds to a definite 
acid, meta-thioarsenious acid. Our results suggest that 
colloidal particles of arsenious sulphide when prepared 
in the presence of excess of hydrogen sulphide have the 
composition As 2 S 3 , H 2 S whereas, when, arsenious oxide 
is in excess, the simple trisulphide is formed. 

Our’ thanks are due to Prof. J. N. Mukherjee, D.Sc., 
for his interest in this work. 


Physical Chemistry' Laboratory, 
University College of Science, 
Calcutta. 


Received July 29 , 1920 , 



The Influence of the Dielectric *C6nstant of 

♦ i • 

the Medium on the Rate of Coagulation 
. of Arsenious Sulphide Sol by Electrolytes. 

BY 

Jnanendranat ii Mukhekjee, Subodh Gcbinda Chaudh ury 

I 

AND 

Sachindranath Mukherjee. 

I 

It is well known that colloids are sensitised by non- 
electrolytes of low dielectric constant. The present 
position has been, summed up by Freundlich (“ Kapillar-* 
, chejnie, ’’ 1922, 2nd Edition, pp. 030-639, also 358-359). 

WeiSjef in, a recent paper (.7. Vhyts. Client 1927, 28, 1253) 

» poihts out that along \\it h * the effect of the dielectric 
constant the possibility that the non-electrolyte influences 
the coagulation by’ interfering with the adsorption* of the 

active* ions has to be taken into consideration. It would 

* » 

appear from tbe following quotation that AVeiser got , 
, his clue from ^Freundlich : 

‘‘ Hlermit ist die Mannigfaltigk’eit des Finflusses der 
Kichtelelektrolyte nicht erschopft. Noch ^ehe die eben 
erort^rte Sensibilisierung bekannt war, batten Kruyt 
und vjm Duin auf eine eigentiimliehfe Veriinderung der 
Ko. W. beim As..,S s -Sol durch kapillaraktive Steffe, wie 
Amylalkohol, *Phenol ti. a., hingewiesen. Sic beobachte- 
ten bei der Flock ung dtirch einund dreiwertige Kationen 
% eine Ernierdrigung de« Ko. TV., also eine Sensibilisierung; 
bei ’ zwei-und vierwertigen dagegen eine Krhohung des* 
Ko. W., also eine Beqintrachtigung der Flockung. Dies 
Verhalten. lasst sich zurzeit schwe* erklaren. Es* ist 

if J 

allerclingsdurchaiis mqglich, da die Flockung. durch 
13 
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Nichtelektrplyte beeintriichtigt wird : Sie .konnen ja 
durch ihre " Adsorptiofi die Adsorption des aktiven Ion9* 
herabs^tzen, weil sie es von der, Gre ( nzilache verdrftngen 
(siehe S. 2^8). Es wiirde dann eine grossere Konzentration, 
also ein hohqrer Eo. W. notig sein, um die Elockung 
einzuleiten. Wie aber Verdrangung und Sensibilisierung 
ineinandergreifen, dass anscheinend ein besonderer 
Einfluss der Wertigkeit des Katious dabei zisstande 
&ommt, ist vorlaufig nicht verstandlich.” • 

, Weiser has studied the precipitation by electrolytes, 
of negative arsenious sulphide sol, and of hydrous' ferric 
oxide and hydrous chromic oxide s,oJs both in presence 
and absence of phenol and isoamyl alcohol. He 
explains his observations by developing Freundlich’o 
'"‘suggestions in the following manner : * 

“(1) The adsorption of a non-electrolyte by ’the 
particles of. a sol decreases the stability of the latter in 
the sense that less of the ‘ precipitating ions must‘ be * 
adsorbed in order to decrease the charge below the critical . 
values ‘necessary for agglomeration and piecipitaticn. 
The extent of the sensitisation depends on the concentra- 
tion and adsorbability of the non’eleotrolyte and its 
dielectric constant. This effect -tends .to lower the, 
precipitation, value of an electrolyte. The ambupt of 
lowering is greatest for electrolytes with weakly adsorbed 
precipitating ions that precipitates only in relajholy 
high concentration.” < „ 

“ (2) The adsorption of a non-electrolyte by* particles 
of a"sol cuts ( dow n the adsorption*’ of the* precipitating 
ion of the electrolyte added to produce coagulation. , This 
effect tends to raise the precipitation * value of an, 
’electrolyte.” 

" (3) Since the factors mentioned above have opposite 
effect on the precipitation value of electrolytes, ^ it follows 
that deponding on the conditions, the precipitation value 
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may be increased, decreased or may remain unchanged, 
in presence of a non-electrolyte.” 

From the above we see that the influence»of the non- 
electrolyte is ascribed t<$ two factors : (a) its dielectric 
constant and (b) its adsorption on the surface of the 
cblloid .particles. The influence of die fee trie' constant is 
explained by Freundlich ( loc . ait .,). on the assumption 
thpt ^he lowering of the dielectric constant decreases 
pari passu the charge on the surface* of the colloidal 
particle. He gives in support of this assumption some 
observations on ferric hydroxide sol. 'It is difficult- to* see 
how the charge can decrease with a diminution) in' the 
dielectric constant unless it is further assumed that 
substances of lew dielectric constant have an effect on 

m 

the adsorption of ions to which the origin of the charge^ 
on *the surface isf referred. Further both Freun'dlich and 
"WeisQr .* assume that a diminution of the charge in 
prpsence*of a non-eleetroly.te indicates .a diminution of 
stability on the part’ of the colloid. This assumption has 
been the basis of all theories on the coagulation of 
• collcids by electrolytes since Hardy first pointed out the 
relationship between the charge ancj the stability. , In a 
recent paper Mukherjee and Chaudhury (J. * Indian Chem * 
Soc. 1025, 2,’?> 07) have measured the migration velocity 
t of ’’colloidal . arsenious sulphide in preseifee of acetic, 
formie and oxalic acids and have found that the rate of 
migration does not determine the, stability bf the sol. 
Thus the sof is not coagulated by 10JV acetic acid and it is 
coagulated by ^hydrochloric acid ; acetic acid dimi- 
nishes the charge to a much greater extent at the same 
hydrogen ioh concentration than hydrochloric acid does. 
They point out that* a dimirvution in the dielectric corp 

• i§ 4 • 

stant brings about two effects : 

(1) The electrical work, resulting from the displace- 
ment of the ions oejnstituting the mobile sheet of the 
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double layer and surrounding the colloidal particles when 
two*particleJ? approach .sufficiently near each other, will* 
increase with *a diminution of the dielectric constant. 
The result will be that the percentage of the total 
number of collisions between particles that are success- 
ful in bringing the particles so close to each other as 'to 
allow tire surface forces to act and to lead to a stable 
aggregation will rapidly diminish. This effect will tend 

to stabilise the sol. 

€* 

From the theory of the “electrical ” adsorption 
(advanced by one of us) of precipitating ions it follows that 
the adsorbability will increase in a medium of low dielec- 
tric constant. This will sensitise the sol. The net effect 
will depend on the relative magnitudes oY the two oppos ; , 
jng factors. * « 

The following experiments were undertaken with a 
view to investigate the subject from this }?oint of* view. 
Moreover it was thought desirable to compare the results 
obtained in presence of an electrolyte wi/Ji a low dielectric 
constant,, in the light of the theories advanced ,to explain 
the mechanism of coagulation with mixtures of electro-’ 
lytes. • 

Experimental. 

i « 

Colloidal scjlutions of arsenious sulphide were prepared" 
according* to the method described in previous papers *wYch 
excess of arsenious sulphide which was removed by .pass- 
ing a stream of hydrogen. Coagulatioq experiments were 
done'by noting the time of complete* disappearance of a 
filament of light from the timg of 'mixing. .The current 
consumed in illuminating the filament was kept constant r 
(see Mtfkerjee apd Ghosh/ J, Indian Chem, Soc. 1924, 1, 
213). Equicop-gulating concentrations of hydrochloric 
acid, ‘sulphuric acid, pbtassium chloride, barium chloride 
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and aluminium chloride in presence of different amounts 
• of methyl alcohol, ethyl alcohol, formic, acetic, propionic 
and oxalic acids were determined. The testilts are tabu- 
lated below. * 


Table I. 

Arsenious Sulphide Sol— -Ethyl Alcohol. 


Percentage 

, J 

Electrolyte concentration in 

norma li i v. 


conceit ty a- 



* 




tion of 




• 



ctli vt 
alcohol. 

HOI 

H ,80, 

* 

1 KC1 

Li Cl 1 

10. 01, 

• A ICE, 

0 

ocns.-o 

00V..IS.J 

* 

0-05044 

0*07073 

0001911 

00002184 

• 2 ■ 5 

0*03075 

OtU.085 

0*00064 

■ 0 07291 

• 

0001 985 

0 0002140 

• 

5 . 

0 03525 

» U 04985 

0*00301 

0 07211 

0 002058* 

00002146 

10 ♦ 

15 

• 00310(4 

004985 

0 07055 

» 107487 

O 00227 8 

0-0002109 

• n'o:nno 

0(11985 

0-0784" 

• 

0 0S021 

0 0o2* 72 

00002109 

JW 

00350n 

0 0 tf»H5 1 

• 

0*0061 S 

0*08750 

0*002940 

0:0002033 



Table II. 

• 


• 

• 

* 

Arsenious Sjtlphide Sol 

—Methyl 

% 

Alcohol. 

• 

^©rconta^e 

• 

• 

Electrolytic concentration in normality. 


concentric 





• 


ti»Ti ^>f 
methyl 








j • 


• 

... 


alcohol. 

no 

* 

j II s SO, 

/ 

( KOI Li Cl | 

1 ■ 1 

BaCU 

A1C1, 

0 

0-04^0 

oW.«7 

0 0(5024 

0 07894 ; 

• 

0 001834 : 0 6001 995 

2*5 j 

0 04825 

00492> 

*0 08900 

0*07086 

0*001771 

0*0001957 

* j 

•» . 


• 

: 

• 


5 ! 

0*04225 

0*0*927 

005868 

0 00982 

i 

0*001727 

0 0001920 

to * 

0-04050 

. 0-04027 

0 05707 4 

0*06624 j 

i* 

0 001024 

• 00001882 

15 ! 

<0-08850 

004<)^7 

0-05470 

0*06316 | 

0*001544 

• • 

0-0001770 

25 j 

* i 

€03550 

0-04927 

• i 

005070 

o-deoos j 

0 001 280 

o-«5ooir>8i 





354 MUKHERJEE AND CHAUDHURY 


Table III. 

t Arseniou8 Sulphide Sol — Acetic 'Acid. 


Concentra- 
tion of 
acetic acid 

< 

c 

Electrolytic concentration in normality. 


in norma- 
lity. 

HC1 

lI a S0 4 

KC1 

LiCl 

j | 

j BaCl a 

• a 1 c«a 

(t 

0* 03500 | 

0-04900 ] 

0 05350 

0-05G31 1 

O*0Cfl764 

0-0002560 

0 001 . 

! 

0*03500 

0-04900 

0*05200 

0*055200 

0*001800 

l 

0*0002440 

i * 

0-01 ' • 

0*03500 

1 

0*04900 

j 

0*05313 

0*05313 

0-001837 ! 

0*0002400 

0- 1 

0- 03500 

i 

0- 04900 

0- 04800 

0-04995 

0-01874 ' 

0*0002384 

2 

0 • 035C0 

0-04900 

! 0-03S00 

1 

0- 04144 

*0-001950 

: 1 

0*0002334 

f ♦ 


Table IV. 

Arz'enious Sulphide Sol — Propionic Acid. 


Concentra- 
tion of Pro- 


Electrolytic concentration in normality. 


pionic acid 
in norma- 
lity. 



• 


•: . 


» HC1 

t 

HjSO. | 

KCl i 

LiCl 

« 

BaCl, ' j 

f 

A1C1 S 



i 

1 

« 

1 

i 

0 ! 

0-0300 J 

0*0500 | 

0*06000 

' 0*05631 

t " . 

OQOI654 

0-0003727 

0-001 

* 0*0300 

0 0500 

0-04600 

0*05526 

0-001664 

0*0003652 

V>-01 

0*0300 

0-0500 

, 

0,- 045*00 

0*#5313 

. 0-001690 

0*0063576 

0-1 

0*0300 

, < 

C-0600 

0-04125 

0*04995 

0- 001690- 

0*0003352 

2-0 

0-0300 

0-0500 

0-02875 

0*04144 

1 

0-00I84Q 

0*0003011 

f 
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Table V. 


• • 


Arsenioua Sulphide Sol — 

• 

■Oxalic* Amd. 

• 

J 


ft 

Concentration 
of Oxalic acid 

Electrolytic concentration ir* normality. 

in normality, 

’ * 

HC1 

H t S0 4 

KC1 

LiCl 

BaCl, ! 

1 

A1C1, 

0 

0*03000 »■ 

0 05000 

004688 i 

j 

■* ■ 

0*05630 

0*001654 

0 00034*6 

o-ooS 

0 02850 

0*04700 

004188 

0*05034 

0001690 

,00004179 

001 

0 0275') 

0 01550 ; 

0 03938 

0 04834 

0 001728 

.0 000^22 

0025 

002050 1 

0 04300 ! 

0 03088 ! 

•0-04410 

0-001874 ! 

| 

0 0003915 

005 

• 

0-0257$ 

0-04100 

0 03250 

0 04037 

0*001911 1 

0*0003764 


• 

Table VI 

• 

• 



• 

-• 

Arsenioua Sulphide Sol- 

• 

—Formic Acid. 

• 

• 

i 

t Concentration 
of formic acid 

* 

• 

% Electrolytic concentration in normajitv. 

in normality. 

• 

H 04 


KC1 

* Li Cl 

BaClj 

• 

* AlCl, , 

0 

0*03000 

* 

004875 

0 04436 

*• 0 05237 

i 0801654 

00003163 

, O'OOl 

002975 

i 

0 0480i5 

0*04250 

0 05081 

i 0*001654 

0 0003087 

t poi • 

0 02876 

004725 

1 

001000 

004776 

1 *0 "001654 

ft 

0 0002937 

01 

# 0 02800 

0*04600 

oo;:625 

(T04313 

0001654 

ft 

00002636 

2 • 

0*02550 

0 04250 

* - - 

0 02433 

0 02850 

0 0 0160 + 

0 0002937 


.From the above fables we find that as a rule the 

• » 

coagularing'concentration of aluminium chloride dimi- 
nishes with increase in concentration of the added 
substance with the, exception that in the, case of oxalic 
acid there is at first a marked iAcrease followed* by a 
regular diminution* For barium ^ chloride • with one 
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exception (methyl alcohol) the concentration goes 01 : 
increasing o* remains unchanged when formic acid is the 
added substahctf. In the case of potassium # and lithium 
chloride, fof five of the added substances, the colloid 
appears to be sensitised excepting the case of ethyl 
alcohol which stabilises the colloid against coagulation by 
these electrolytes. It is rather peculiar that the coagu- 
lating concentration of sulphuric acid remains constant 
ip four cases out of six. Hydrochloric , acid* also has a 
similar tendency though in a large number of cases 
including that of ethyl alcohol its coagulating coheen- 

f; 1 « 

tration decreases. 

c 

Regarding the added substances we find that ethyl 
alcohol shows by fur the larger number ‘of instances of. 
stabilisation against coagulation by electrolytes, e.g.\ 
potassium chloride, lithium chloride, and barium phloritje. 

One notipes from the foregoing that ihe bp'bavjour 
of a coagulating ion cannot ber predicted from its valency. 
The observation of Kruyt and Van Duin ( Roll . Zeit. 
1915, 17 \ 123) that arsenious sulphide s*ols are ^sensitised 
by amyl alcohol and phenol against coagulation by ‘uni- 
and tri-valenfc cations while, against hi- and tetri’ valent 
cations a stabilisation is observed, cannot therefore be 
held to indicate a relationship between the behaviour, of 
a cation and its valency. The observation that, with one * 
exception* the added substance stabilises the sol agajmt 
aluminium chloride is of interest in View of the fact that 

f * 

Weiser has disbelieved a similar observation of Ki'uyt and 
Van Duin. In the case of arsenious ^ulphidet sol Weiser 
(loc. cit.), while explaining the ‘difference iq behaviour 

' I i * 

between potassium and barium chloride, finds it difficult 
tb account for Kruyt .and Van,, Duin’s observation 
that the sol is sensitised against aluminium \jhloride. 

i » f 

Both Kruyt and « Duin’s and our observations prove 
conclusively that the simple explanation of Weiser is 
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insufficient. Further the conclusion that Weiser has 
drawn as*to the displacement of adsorption of bariufa ion 
by *>oamyl alcohol from his observation that less of bar- 
ium is adsorbed frhen* the latter is present, is* open to 
question; for, the amount of electrical charge carried by 
The particles determines the amount of ’adsorption of 
precipitating ions (cf. Mukherjee, Faraday Society 
JQiHCiiftftion on Colloid s, Oct. 1920) and if the addition of 
non-electrolyte diminishes the initial charge of the colloid 
as has been assumed by Freundlich and by Weiser then tins 
diminution alone may account for the small adsorption. 

In this connection we would draw attention to’ similar 
observations by Mukherjee and Set\ (.7. Ch°m. Soc., 1919, 
It 5, 401) regarding the influence of hydrogen sulphide on 
,the coagulation of arsenious sulphide sols by electrolyte 
(fide also Freundlich : “ Kapillarchemie,” 19^2, p. 63). 

* , We ’are inclined to believe that in all these cases the 
suggestion of Ostwald and pf Freundliuh that the, main 
effect -of the added slibstance is to lower the dielectric 
constant ( of the. medium remains valid. But it appears 
’ to us that no dear conception as to how the dielectric 
constant affects tli® stability of the, sol exists at present. 
As state’d in the introduction Mukherjee and Chaudhury 
have .shown that the fundamental assumption that a 
diminution .of charge always means a ‘diminution in 
stability as measured by the coagulating concentration of 
the* ion is wrong. «A clear explanation of ‘the results 
obtained by us or by Kruvt and van Duin te not possible 
till a comparison bf electrical charges under these ^condi- 
tions has been carried out. 


'Physical Chemistry Laboratory, 
University College of Science, 


.Calcutta. 
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Varying Valency of Platinum with respect to 
Mercaptanic Radicles. — Part IV. The 
Inadequacy of Werner’s Theory 4 to 
explain Certain Anomalous Cases. 

BY 

Prafulla Chandra Hay, Bires Chandra Guha and 
Kshitish Chandra Bose-Ra*y. 

« The action of etitoroplatinic acid on various real and ' 
potential mercaptans and on some organic sulphides and 
disulphides has already been studied {J. Chem. Soo ", 19,19, 
115 , 87-2 ; ibid, 1922, 121, 1288 ; ibid, 192?, 123, 133). 
Recently ( J . Indian Chem. Soc., 1925, 2, 178) a series of 
complex bodies derived from chloroplatinic acid and ethyl 
sulphide under different experimental conditions have 
been deecribed. The compounds may' be* tabulated as 
follows : 


(a) Et 2 'S, PtCi. 

(6.) (Et£)» PtCl 2 — Six isomers of this composition., 
have bf*en isolated. ‘ 

(<?) 2Et 2 S, PtCl 3 . 

{<t) 2Et 2 S, PtEl 4 . 

‘ (<?) 2Et 2 3, PtEl 5 , .H 2 0. 

t t 4 

Some of these compounds have already been* discovered 
by other workers (Blomstraad,° J. pi*.. Chum., 1888, [ii], 
38, 852 ; Tschugaeff and MalschewsVy, Z. anorg'l Chem.* 
1924, 135, 385 ; Loir, Ann. Chim. Php., 1863, 39 (ii*). 
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441 etc.). ‘The action of organic bases on these bofties, 
which forms the subject of the present, paper, affords 
some valuable evidence ‘bearing on their constitutions. 
A part of the work describing the action of ammonia and 
pyridine on a few of these compounds* has been already 
described (this Journal , 1926, 3, 155). In most cases 
these reactions point unmistakably to the Werner consti- 
tution of these complex bodies. In the present paper 
the work has been 'extended and the action of primary, 
secon4ary and tertiary bases like aniline, benzylamlne, 
ethylamine, piperidine, diethylamine, pyridine, and quino- 
line has been described. 


Action of Bases on PtCK, 2Et 2 S. 

• 

Ammonia, acting on most of the isomerides of the 
above ’ formula, gives one and the spine ’compound, 
namely, PtCl 2 , IN HA Similarly ethylamine acting on 
the isomers of m.p.’s 101° and 77° gives PtCL, 4C 2 H 5 NH 2 , 
•and benzyl&mine reacts with the varieties of ra.pVs 96°, 
77° an4 104° yielding the same compound, PtCl 2 , 
4C 7 H 7 NH$, whilS quinoline acting on the isomer of m. p. 
• 77° gives PtCkj, 2C 9 II 7 N and diethylamine witji the com- 
pound of m. p. 108° yields PtCL, Et 2 S, NHEt 2 . Pyridine 
dots on % the compound of m. p. 77° giving PAC1 2 , 2Py and 

PtCliS 4Py. All these inactions can best be represented 
• # 9 
on the WerntJr basis, thus : 




• 

“*■ •» 

— | 


— — 

C N 



C, .N 

It 

Pt A 


B, n /B 

'vote 

ci y 

• 

''-V 

' D* 

1 


f j. 

'Et,S 




where , » 

B-NH„ EtNH 2 , C 7 B 7 NH 2 

and • 
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bAy, gtjha and BOSE-bAY 


With .pyridine, evidently, both the reactions take place, 
while with didthylamine 'ethyl sulphide is only partially 
replaced.. All these 'compounds, .however, come under 
the general category. The compounds with ammonia 
and pyridine have been already described and that with, 
ammonia has been shown [foe. oif.) to have chlorine ions 
in aqueous solution, as expected from theory. 


Action of Bases on PtCl 3 , 2b}t. 2 S. € 

This compound h as been found to be split up by 

crystallisation from alcohol into PtCI„ 2Et 2 S and PtCL 

2Et 2 S (J. Indian Chem. Soe., 1925, 2, 1,78) showing that 

Pt01 3 , 2Et,S is a molecular compound of the formula 

[PtGl 2 , 2Et 2 S], [PtCl„ 2Et.,S]. This is further confirmed . 

by a study, of the action of ammonia, pyridine, aniline,* 

and benzylamine on it. Ammonia has already been 

shown to givp PtCL, 4NH ;s , which has obviously -been 

derived from the interaction of ammonia with the first 

• « 

component of the molecular compound .depicted above. 
The product of the action of ammonia on the other 
component has not yet been isolated. Pyridine acting on 
ptCl 3 , '2Et a S produces-’ [PtCl 3 , 2Py],'[PtCl a , 4l>v] and 
another compound which could not be, isolated in a state 
of perfect purity but Which appears to be PtCl.,," 2Pv. 
Benzylamine and aniline acting dn this compound give « 
PtCl 2 , 4C 7 PYNdi a and PtCl 2 , 2PhNH s respectively. ' (The 
other proposed formula .for this compourtd nambly, 
[Pt(Et 2 S),JPtCl 6 (cf Tschugaeff, Zeit. anora. Gheth. 1913, 
82, 420), though it can give rise to th*e compound PtCl s , 
2Py, cannot be expected to produce compounds of the 

• y i * 

type PtCl 2 , 4Py and PtCl 4 , 2Py, unless the compound 
fifst formed, namely, [PtP^jPtCle is, supposed to bredk 
up into 


[Pt 


ci s 

?y* 


] and [ Pt 
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Action of Bases on PtCl 4 , 2Kt 2 '*. 

» 

Ammonia and pyridine have already been shown to 
produce PtCl„ 4NIT :! and PtCl 4 , 2Py respectively by 
interaction with this compound. The%e read ions point 
obviously to the Werner constitution of the body : 



Cl N 

Cl-v 

Tjr / Et 2 S 

\ ^ / 

•* 

Cl- 

? Pt \ 


Cl / 

•Et 2 s 


But benzylamine and aniline, as shotvn here, react some- 
what abnormally.. Benzylamine gives PtCL, 1C 7 H 7 NH 2 , 

and aniline two isomers of PtCL, 2PhN5L, besides aniline 
» • 
hydrochloride. It is quite possible that during the re- 
action thC platiaic platinum is reduced to the platinous 
condition &s platinic chloride behaves as an oxidising 
agent towards organic sifljstances, aniline hydrochloride 
being formed in tb# process. 

• • • 

, Action of Bases on PtCl, ELS. 

Whjle Wefner’s tfieory can adequately represent the 
structures of the compounds (PtCL, 2ELS), (PtCl,, 2Et,S) 
and PtCl 4 , 2EL8, it is not possible to represent the com- 
pound PtCl, ELS as a* well-defined , co-ordination com- 
pound. J$y t*he action of bases like benzylamine, pyridine, 
peperidine and ethyhynine it gives the following qpm- 
pounds (PtCl.,, JLC 7 H 7 NH 2 ), (Pt,Cl, C 7 H 7 NhC Et*S), 
(PtCl a , 2C 3 H!,N), (Pt£l, C a lf,N, Et g S), (PLC1, 2C 3 U n N, 
$Et B 8), (PtCL, 1<E t NIL) and.(PLCl, EfcNH* Et,S) t in all* 
of which the type> persists. The producti’on of the above 
compounds shows tha’t* replacement of ethyl sAlphidp by 
the molecules of the*. base occurs but partially. Some 
intermediate compounds like these are • known and have 
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been, studied by Klason and others {Ber., 187 5,* 28, 1*196 ; 
J ; pr. Chem:, 1903, [2] 67, S3, 39; Ber., 1901, 37, 1359 ' 
etc.). PtCj, EtgS is thus simultaneously oxidized and 
reduced — a phenomenon which is rather extraordinary in 
this series of .platinum compounds. As the compound is 
very soluble in chloroform, its molecular weight was 
ascertained by the ebullioscopic method and found to be 
684, the theoretical value required by 2(PtCl, Et 2 S) being 
645. This formula also does not appear to admit of 
representation according to the co-ordination theory. It 
is possible, however, to represent it as follows : 

Cl Pt Pt— Cl 

II II 
SEt, SEt, 

'which may explain the production of the peculiar com- 
pounds ( vide supra ) with two atoms of platinum in one 
and the same molecule. The actual mechanism of‘the 
above reactions is still uncertain and more work must 
needs be done in this line before its structure can be 
fully elucidated. 

The compound PtCl 3 , 2Et 2 S, 2H a O, also does not appa- 
rently come under tne co-ordination theory. Pyridine 
breaks it up and yields a compound of the formula PtCl 4 , 
2C 6 H 5 N. But ethylamine gives a compound, PtCl B , 
2C 2 H 5 NH 2 in which the PtCl 5 residue remains intact. 
From this- meagre and apparently conflicting evidence 
it is not possible to assign’ a constitution to this peouliar 
compound. Further investigation regarding the action 
of basbs on this compound is, however, in progress. 

Experimental. 

i i 

Interaction of PtCl 2 , 2Et 2 S (m.p. 77°) with Benzylamine. 

The compound, dissolved in a small quantity of the 
base, was heated on the water- bath for 15 to 30 minutes. 
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A strong odour of ethyl sulphide was perceptible. On 
cooling colourless needles separated .out which vere filtered 
and washed with a little benzylamine qud then thoroughly 
with alcohol. * The 'substance melts at 196 1 . It can 
be recrystallised from chloroform. (Found: Pt=28*63; 
Ct=10-J6; N=8*49. PtCl 2 , 4C 7 H 7 NH 2 requires Pt=28*30; 
01=10*20: N=S*04 per cent.) 

hfterdction o/'PtCL, 2Et 2 8 (m.p. 9(5°) with Benzylamine. 

s <* 

The same compound was obtained as in the previous 
case. The method was also the same. (Found : *Pt= 

28*5; Cl = 10 66 per cent.) 

• . 

Beaction of PtCL, 2Et 2 S (m.p. 104°) and Benzylamine. 

# The same compound was obtained as'above. (Found : 

Pt=»27*5 per cent*.) 

*♦ * * 

Intev.tictiQn of PtCl.., 2Et 2 S (m.p. 101°) with Kthylamine. 

, • 

t * * 

The platinum compound was treated with alcoholic 
ethylamine, and the corded flask kept in ice-water for 
Uvo hours. It was* then evaporated spontaneously and 

the residue dissolved* in warm water and concentrated 

% 

in a desiccator over sulphuric acid. Colourless crystals 

Were obtained,* which were filtered* and washed with a 

* # 

little ’ water. The substance melts at 142°. (Found : 

Pt=4t*i; 01=16*5. PtCL, lEtNET 2 requires Pt*=43*9; 

01=15*8. per cent.) 

• * 

» 

Interaction of PtCl 4 , 2Et 2 S (m.p. 77°) with Ethylabiine. 

» • 

* *• 

The procedure was the * same as above. The solution 

after concentration in., a vacuum desiccator gave’colour- 

less .crystals charring at 200°.* (Tound: Pi=43*7 01 = 

15 ; 86. PtCL, 4EtNH 2 ^requires Pt=43 9’; 01=15*8 per 

cent.) The mother liquor on complete evaporation left a 

residue which could be crystallised from a mixture of 
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alqphol and ether. It has not, however, been sufficiently 
purified for analysis. <■ 

« 

* « 

R, action of PtCL, 2Et 2 S (m.p. 108°) with Diethylamine. 

The mixture of the two was heated for five minutes 
on water-bath when the platinum compound went into 
solution. On filtering and allowing to stand in a desicca- 
tor, yellow crystals were deposited which had the m.p. 176°. 
(Found ; Pt— '16’6 ) Cl = l/'2 j N = Aiio. Pt01 2 , bUS, 
NiIEt 2 requires Pc = 45*7 ; Cl«= 16*5 ; N*=3*24 per cent.) 

Interaction of PtCl 2 , 2Et,S (m.p. 77°) with Quinoline. 

A mixture of the two was heated on the water-bath 
for about half an hour. The platinum compound dissolv- 
ed and after cooling it was precipitated with ether. The 
yellow substance was then re-crystallised frc/m boiling 
alcohol. It melts at 105°, solidifies, on cooling and with, 
further rise in temperature it begins to redden and, 
slightly chars just below 280°. (Pound ; Pt = 38‘3; 
Cl=l2-8. PtCl 2 , 2C„H 7 N requires Pt— 37*5 ; Ci=13’o 
per cent.) 


Reaction of PtCl 3 , 2Et 2 S with Pyridine. ' t 

The platinum compound was heated for five hours 
under reflux with excess of pyridine. The deep brange 
colour ,of the substance slowly changed to* pale brange. 
It was then filtered hot, and washed thrice with boiling 
pyridine. The residue was, extracted thrice with boiling 
water and filtered, and was finally washed with alcohol 
and dried. It was insoluble in all solvents including 
chloroform and nitrobenzene. (Found: Pt=42*3; 
Cls=23-29; N=5*73. PtCl 3 , 2Py requires Pt= 42*7 ; 
Ql=s23;09; N=6'07 per cent.) The hot pyridine extract 
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on standing for 24 hours spontaneously deposited a mass 
•of colourless needles. These were* washed With a little 
pyridine and .then ,\vitl\ anhydrous alcohol. The com- 
pound is highly soluble in water and does not melt or 
char up to 260°. (Found: Pt=32*4; d»=ll§2; N=1(H. 
PtCl* *4Py requires Ft = 33 3; Cl = 121 ; N=9 6per 
cent.) The aqueous extract on concentration and cooling 
deposited a yellow compound, which is .probably impure 
PtCl + , 2Py. (.Found: Pt = 4L*6 ; Cl = 27 ". PtC) t , 2Py 
requires Pt=39*6; Cl = 28 7 per cent.). 

Interaction of PtCl ; „ 2Et,S with Benzylamine. 

* l 

PtCU, 2Et.,S was heated with benzvlamine for 1 — 2 
hours. The solution was then treated # with alcohol and 
filtered. The precipitate was thoroughly washed with 
, alcohol. .It was crystallised from chloroform and a mixed 
melttoig point determination with the compound obtained 

• from PtC) 2 , 2EtJ3 (m.p. 37°) and benzylamine (vide supra ) 

• showed no depression. (Found: .Pt = 2S23; N=8'25. 
PtCl 2 , 4C 7 H;NHo requires Pt = 28 3 ; N = 8*04 per cent.) 

'Reaction of PtCl ;! , 2Et.,S ictth Aniline. 

* ' • • 

, • The compound wa*s treated with .aniline, th© mixture 
shaken up and allowed to,stand. The colouFof the solu- 
tion tuiyied orange and then red. On tr«atment with 
ettfer»a tarry precipitate came down, which, whe'n boiled 

* 9 

with acetone, ’changed to a yellow granular mass, which 
was filtered, washed with a little acetone and alcohol 
and then dried. (Found.: Pt=43S8; Cl-^=16‘5. PtCl 2 , 
2PhNE 2 requires Pt==43’3 ;.C1=156 per cent.) • 

Interaction' cf PtCl 4 , 2Et,S with Benzylamine. 

The compound was treated with «a small quantity of 
benzylamine, whep id a minute or two the colour, of the 
10 
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solution darkened with evolution of heat and the smell of 
ethyl sulphide was given out. It was heated for half an* 
hour on the water-bath, when colourless crystals appeared, 
which were filtered and washed first with a little benzyl- 
amine and then .thoroughly with alcohol. It could be 
recrystallised from chloroform, and it proved to be identi- 
cal with PtCl 2 , 4C 7 H 7 NH 2 described above. (Found : 
Pt=27*8; PtCl 2 , 4C 7 H 7 NH 2 requires Pt=28*3 per cent.) 

i 

Interaction of PtCl 4 , 2Et 2 S with Aniline. 

The platinum compound was treated with excess of 
aniline and the mixture heated for half-an-hour on the 
water bath, when a dark violet viscous solution was 
obtained. The sinell of ethyl sulphide was perceptible. 
It was cooled and then precipitated by ether. The ethe- 
real extract was kept for subsequent treatment. > The 
pasty mass, thrown down, was filtered and washed 
repeatedly with ether and then dried and extracted with 
warm .water. The aqueous extract on concentration 
in a vacu um desiccator gave a small quantity of gray 
crystals (m. p. 100°) which were filtered and dried 
(Found: Pt=434; Cl = 14 83. PtCh, 2PhNH s requires 
Pt=43*17 ; C1=15*G0 per cent.). The mother-liquor 

A- * 

on further concentration gave a crystalline precipitate 
which* proved to be pure aniline hydrochloride a’s shown 
by analysis and a- mixed meltihg point determination. 
The residue after washing with water was found to be 
par^ally soluble in benzene and <> afeetone, but the sub- 
stance extracted by these solvents could not be puri- 
fied sufficiently for analysis. The ethereal extract (vide 
' supra) after spontaneous ^evaporation left a residue,*' 
which was washed with a little ether to remove the 
aniline. The magenta-coloured residue was washed with 
warm aleohol. The residue became yellow and could be 
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i 

crystallised from a large volume of acetone. It melts at 
190°. and 'changes to a brown solid, which chars afiove 

* 205° (Found: Pt = 4.3*46; Cl = 15*63. J?tCU 2 , 2l > hNH a 
requires Pt=43*17 ;• 01, 15*60 per cenL). 

» 

Action of Benzylamine on PtCl, Et’ 2 S. 

The platinum compound with benzylamine (in excess) 
was heated on water-bath for three hours. The colour of 
the mixture ’darkened. It was then filtered, and the* 
residue washed twice with hot benzylamine, and then 
thoroughly with alcohol, when a crystalline white sub- 
stance was left behind. This was first boiled with alcohol 
and filtered ; thp filtrate on concentration and cooling 
£ave a nearly white crystalline compound, which, how- 
ever, being very small in quantity did not admit Of purifi- 
cation and analysis. It melts at 110°, becomes semi- 
solid" ancbchars above 205°. The residue after extraction 
with alcphol was repeatedly crystallised from chloroform 
in colourless needles which were, found to be identical 
.with PtCl. 2 ,*4C 7 H 7 NHo mentioned above (.Found : Pt=27*5 
per cent.). The benzylamine filtrate was treated^ with 
ether when a dark brown precipitate came down.. It was 
► washed with • ether, * until it became granular, and was 
then* washed successively with boiling alcohol (the 
alcoholic extract on standing deposited* a yellowish- 
brtJwn substance, which could not be sufficiently purified), 
benzene, acetone and finally frith chloroform, until the 
washings were colourless. The residue was soluble in 
benzylamine trom which it could be precipitated by ether. 
It is‘a brick jyed powder (Fjound : Pt=62'00 ; Ql=5*34 ; 

• N==2*37. The presence of # sulphur was proved. Pt a Cl, 
C 7 H 7 NH 2 , Et 2 S .‘requires Pt=262*8; Cl = 5 6; *N=22 
per cent )’. 
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f Action of Pyridine on PtCl, Et 2 S. 

PtC], Et a 8 and pyridine (excess) were heated on a* 
water-bath for 2-3 hours. The solution was cooled and pre- 
cipitated with excess of ether and filtered. The precipi- 
tate was washed repeatedly with ether and boiling alcohol 
and then repeatedly extracted with boiling benzene and 
Altered. *The filtrate on cooling gave light yellow crystals, 
charring above . 260.° (Found: Pt=46*8 ; Cl*=']6'29. 
JPtCb, 2Py requires Pt = 46*24 ; Cl = 10*06 per cent.) The 
residue after extraction with benzene was boiled with 
chlqroform to remove the unreacted original compound 
and filtered. The resjdue was insoluble in all solvents 
except pyridine, from which it could be precipitated 
by ether. (Found: Pt=65*2 ; Cl = 6*3, N = 2*68; the 
presence * of sulphur was proved. Pt 2 Cb C 5 H 5 N, Et^ 
requires Pt=65*8 ; Cl=5*9 ; N= 2*34 per cent.) 

* Action of Piperidine on PtCl, Et a S. 

* 

PtCl, EtaS with excess of piperidine was heated on a 
water-bath for 3-4 hours. It was then filtered stnd washed, 
twice with hot piperidine. The piperidine extract on 
addition .of a large Volume of ether and'shaking gave a 
reddish brown granular precipitate, which was extracted . 
repeatedly with boiling alcohol until the filtrafe ,w r as 
colourless. Ilj, was then washed with boiling acetone," 
and subsequently dissolved in a minimum quantity '-of 
chloroform,, filtered, and precipitated «with ether. 
(Found? Pt=60*3 ; Cl = 5*5 ; N = 4*34{. The presence of 
sulphur was , proved. Pt 2 Cl, 2C 5 EliiN, 2 ECS requires 
Pt==6ri ( ; Cl=5*0; N=4*03 per cent.) 

Action of Ethylanime on ,9tCl,- Et a S. 

The pl^tinpm compound w ith i excess of "alcoholic 
ethylamine was kepff for four hours in ice water in a 
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corked flask. The substance went into solution. It was 
then spontaneously concentrated^ when a crop of White 
crystals separated out, which were crystallise/! from boil- 
ing alcohol (Found* Pt*=13*5; Cl=lVs. PtCJ,, 4EtNH 2 
requires Pt = 43*97 ; 01=85*81 per cent.). The mother- 
liquor f was evaporated to dryness in a Vacuum desiccator 
and the residue extracted with warm water. The remain- 
ing residue was dissolved in alcohol and evaporated’ to 
dryness in a desiccator. The residue *was again washed 
with alcohol when a small quantity of an undissolved 
compound was left behind. (Found : Pt=69*6; CI-k^OO; 
N=2*9. PLCi, CJLNH,, Et,S requires Pt=69*2; 
C1 = G*3; N = 2*5 p*er cent.). 

Action of Pyridine on PtCl r> , 2Et„S, 2H.O. 

. • 

»PtCl„ 2EtJj5, 2 H X) was added to an excess of pyridine, 
shaken v«ell and somewhat concentrated by ‘evaporation 
at ’the ordinary temperature. Water was added to the 
mixture and the Solution filtered. .The residue, a yellow 7 
crystalline* product, wrfs thoroughly washed with boiling 
alcohol, and benzene. (Found: Pt = 40*32; 01 = 28*18; 
N = 5* l8.. PtCJ\, 2C,H.-,N requires fit = 39*63 ; C} = $8*57; • 

, N = 5*63 per cent.) • 

» 

section of Ethylamine on PtCI-, 2Et,S,*2.>HO. 

9 

To an alcoholic solution of the 1 ’ platinum compound 
an alcoholic solution of ethylamine was added when an 
orange precipitate was formed. The alcohol was removed 
by evaporation at the room temperature, the residue dis- 
solved in water, filtered, and the filtrate concentrated in 
*a “Vacuum over. siFiphuric' apid. The first crop wa£ 
obtained vis pale yellow crystals in a quantity too small 
for analysis. The second crop .consisted of orange 
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’ 

crystals. These were collected, washed with a . small 
quantity of water and dried in a desiccator' (Found: 
Pt=42*32 ; Cl =r 39*2 ; N 6 06. PfcCl 5 , 2C 2 H 6 NH 2 requires 
Pt=42*41 ? 01=38*22 ; N=6*03 per cent.) ‘ 
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, Qn the Nature of Hydrolytic Adsorption. 

Part II. 

a 

Adsorption of Electrolytes by Barium Sulphate and Liberation 

» * • 

of Acids and Alkalis in presence of Neutral Salts. 

BY 

Jn^nendra Nath Mukherjee 

AND 

Jyoti.Kanta Basu. 

Thegeperal theory has been discussed in a recent paper 
(J. Indian Chem' Soc., 1925, /, 191, which also contains 

reference to e#rli(*r papers). The present paper * deals , 
1 • • 
with experiments on, polar precipitates. A very interest- 
ing case from the theoretical point of view has been 
.described showing the liberation of either acids or alhalis 
b^i tht? interaction of neutral solutions of pota§sium sul- 
phate and of barium chloride according as^ barium or 
sulphate* is in excess. We have also recorded, in this 
paper evidence regarding the displacement of ions i» the 

' fixed ’ laver on the surface by those in the solution. 

* * * • * | 

The difference between this type of exchange and the 

displacement of jon$ in the fiiopile sheet has heen point- 
ed out. .From ‘the ^discussion in this paper it would 
appear that it is necessary to assume interchanges of 
ions in the double layer with those in solution tq account 
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for <¥ir observations. The difficulties in the way of altei 
native explanations havte also been pointed out. 


Experimkntai,. 

4 

In this investigation indicators and standards recom- 
mended bv Clarke and Lubs have been used. The 

• * r 

standards have been tested in the laboratory. No filter 
paper was used as it is well-known that an acid reaction 
develops when filter'papers are brought in contact .with 
neutral electrolytes. The precipitate never came in 
contact with any surface other than tliat of the vessels 
(Jena glass or transparent fused silica) .used. Washing 
was carried by repeated decantations. 

(A) Liberation of Adsorbed Acids and Bases by neutral 

, Potassium Chloride. * 

1 * » 

4 

In these experiments 50 c. c. of a .normal solution 
(p Ht 6 * 4 ) .of barium chloride and .of potassium* sulphate 
(j9 H 6'4) Mere added slowly and simultaneously from' tM'o 
burettes (the process* taking 10 — 12* minutes) in a Jena 
glass bottle containing 25 c. c. of different acids (see 
Parti, loc.cit., p. 199) regarding precipitation in presenceof 
acids). The contents were kept ‘undisturbed' for 24 hours, 
and then e the * precipitate was washed repeatedly witji 
pure water till the pa of the wash- water left , in contact 
with it fqr 24 hours had a value 6'2 to 6*4. *rho washed 
precipitate was next left in contact ‘for 24 . hours with 
50 c. c. of saturated potassiuni chloride solution (/)», 
6*2 — 6'4).‘ The results are given in Table 1(a). Parallel 
experiments in which th$ precipitate .obtained in an. 
identical manner was kept in contact’ with water, instead 
of a solution of potassium chloride did not show a p H 
value less, than 5*8. 
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Table I (a). 


m Precipitated in presence of 
I0y Hydrochloric acid # 

K 7 X Acetic acid 
8 N Phosphoric acid * 

4 N Oifcrio acid 
AN Tarti^jic acid 
5 N Sulphuric acid 


p of the^extract with KOI. 
2*2 
*2-4* 

4 4 
40 
4-2 
2-2 


Table I ( b ) 


p of the extract. 
H 


Precipitated in presence of 

N Sodium hydroxide left in contact with 

J 9 sat. potassium chloride. 8-0 

If- „ ,, water , 7 2 

The same concentration of different acids was next* 
used for comparison. The condition of experiments^jras 
identical with that in previous cases except that 00 c. c*. 
of solution of acid ttere used. The .results are given in 
Table II. 

• Table II. 


7 > value of the KG1 extract 

H 


Pfec.i pirated in pK^enee of 


after 24 hours 


after 48 hours 


N - Acetic acid * 
A'-Monochloraeetic acid 
-V-Dichloracetic acid 
iV-TVichloracetic acid 
A r . Hydrochloric acid * 

i 

Formic fteid 
V-Phosphoric acid 


3*8-40 

» 

3*8 

42 

41 } # 

44 

42 

• 

• 

4*8 

. 42-44 

0 0-5*8 

• 

44 

i 

*t 

* 50 

•* 

! * 54 

l 

i 

i • 


♦ 

• * 

* 

■ with KC1 

| * 

j with water 

with KG1 

with water 

♦ 

0 98y*Acot»o acid # 

! -• 4*0 

> 


8*8 

6^ 

1 008#-Monochloracetic acid 
* 

• 

* 42 

62 

40 

62 

O OStf-Trichloracetic hoi i ] 

s ! 

• 

4*4 — 4*5 

6*8 

3’8— 4*0 

• 

6*2 -5-4 

♦ 

» N* Hydrochloric acid » 

■■ — » 

-♦§2-6*4 

— i 

• 6 0 

4*2 

• 

• 6X) 


* The concentrations given are not exact and are meant t6 convey an igea of 
the strength of*fche acid that hap been used, 

16 
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Results of experiments with different concentrations 
of the sam^ acid are given in Table III. 


Table III \a). 


« 

• 

Precipitated in presence of 

value of extra at. 

if 

w ^ 

t 

2‘5N- Acetic acid 

3'C> 


05N ,, 

40 


« 

t ♦ 


0-25N ,, 

4*4 


0 125iv*\, 

5*0 


(f 062*5 ft „ 

5*f» 



4 



, Table III (, b ). 

i 

I 


Precipitated in presence of 

J •p valtiO'pf ext ntCt. r 

i 11 

0 5A’-9alphuric acid 

V 

I < 

| ' 3 S 

1 ' ' 

j I'll 

C * ,, 

OliV- 

1 * " 

4 2 — 4 4 4 

OOoiV- 

ii 1 

i * ti 

I 1 ' 

« * 

B. Experiments with 

” ’ * "’** 1 ’ 

t 

carefully washed barium* Sul 


| * 

phate precipitated hi the absence of 'Acids. 

f i 

We see from the above that the concentration of 'the 

t * r 

acid liberated in contact with potassium • chloride de- 
pends cn the concentration and nature of the acid used. 
It was thought desirable to repeat t*tie above experiments 
with barium sulphate precipitated' in the absence of acids 
from neutral solutions of barium chloride and potassium, 

A . 4 

‘sulphate. 

Equal volumes (generally 50 c. io.) of normal solution 
of barium chloride alid potassium sulphate were mixed 
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simultaneously from two burettes. The precipitate ,was 
•washed repeatedly with pure water till the 'wash -liquid 
was free froip sulphate and chloride. The precipitate 
was then kept in contact with an acid solution for 48 
hours. It w r as again washed till the filtrate had a p H 
equal to that of the water used (6 4). The precipitate 
was then left in contact with a saturated soiution»of 
potassium chloride (/>„, 6’4) for 24 hpurs and the p H 
of the supernatant * liquid was determined. It was ob-» 
served that if the precipitate be washed sufficiently Jpng 
no acid reaction develops on treatment with potassium 
chloride showing that the adsorbed peid can be removed 
more easily from these samples. On the other hand 
when the washing was not pushed far enough, definite 
evidence of the, liberation of acids on treatment with 

i • 

potassium chloride was obtained as would appear from 
Table IV, 

* • Table IV. 


Kept in contact for 48 bourn. 


Washed free* from acid 
and kept in contact 
with 


p after 48 hours. 


JV -Oxalic acid t 

■* 

X -Oxalic acid * 
luN -Sulphuric acid 

* i 

Io*V-s3ulphiiric uyid 


saturated potassium chlo- 


ri.lo (p H , 6 2) . 

• 5 '4 

• 

Wfttof (p H , IV 2) 

5-S 

• 

Saturated pot. chloride. 

5*4 

• 

• 

water g • 

G'O 

• 


The observation tlfat the precipitate does not develop 
an acid reaction if ii* is sufficiently washed also shows 
that the liberation of hydrogen ions is the result of an 
interaction between iqlsm'ix'A acids and the neutral salt • 
In this respect the. jacidity developed here is different 
from that observed when hydrated silica or mangamese 
oxides ( cf . Part 1, lob. pit., pp. 211, 215) is treated with a 
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solution of a neutral salt. Obviously barium sulphate 
cannot adsorb hydroxyl ions primarily to any perceptible 
extent as dth&rwisp the acid reaction would be observed, 

i { < 

however, long the washing may be continued. 

It has been p.lso observed that barium sulphate ob- 
tained from barium chloride and sulphuric acid and 
washed *free from acid sets free chloride and sulphate 
ions in contact with neutral solutions of potassium nitrate 
find chloride respectively in addition, to hydrogen ions. 
But no barium ions could be detected. We have further 
observed that small quantities of the adsorbed ' acids 

are liberated in contact with pure watqr. 

* 

C. Development of Alkalinity or Acidity from ihe t 
double Decomposition of neutral Solutions qf 
Potassium Chloride and Barium Sulphate. 

It has been stated previously (Part I., hoc. cit ., p.199) 
that an acid or an alkaline reaction develops on mixing 
neutral solution of potassium sulphate or barium chloride 
according as one or the other .of the salts is in excess. 
The theoretical interest of this reaction is considerable. 

c < 

• * t 

' ( i ) Development of Alkalinity when Barium Sulphate 
in precipitated from Ercess of Potassium Sulphate. 

Fifty c. c.' of a normal barium chloride (jp H , 6 4) was 
added to 106 c. c. of normal potassium sulphate (p H » 
6*4) contained in a Jena-glass 1 bottle slowly as before 
but with Constant stirring. The bottle was stoppered 
and shaken mechanically for 3Q minutes and then 
allowed to staiid. After half an hqur the p A value of the 

,■ fa 

c « 

1 This experiment as also the next one has been repeated in transparent fused 
s&ica vessels. No filter paper was uedd and the solution in these experinlentiS 
never came in contact with anything other than Jena glass or silica vessels except* 
ing that ordinary pipettes were used. It has been^found that during the time for 
which the eolation was in oor>taot with the pipette no ohange in p H,, value can be 
detected with the indicators. 
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clear supernatant liquid becomes 8 0. The value 
exceeds 11*0 1 in two to three dsiys and remains steady 
afterwards. 

* (ii) Development of Acidity with Excess of Barium 

Chloride. 

IJifty c.c. of normal potassium sulphate was added to 

100 c.c. of normal barium chloride as’ before. The clear 
« * « 

supernatant liquid (after 24* hours) does not show any 
acid .reaction but remains neutral ’(/> H , 61). An acid 
reaction (p H , 5*0) develops within 3 to 4 weeks 
During this time Ihe bottle was khpt carefully stoppered 
in a place free Srom dust and fumes. 

The immediate development of acidity and alkali- 
nity can be demonstrated as follows: — 

Tw<,> Jena glass test tubes are taken. To one of which 
are poured 5 drops of phqnol red. Oae c.c. of barium 
chloride (normal solution) is next added. To the other 
tube are added 5 drops of methyl red and one c.c. of potas- 
. siunj sulphate (normal solution) and the liquid in both 
tubes is diluted to 1 c.c. Both the.solutions are coloured 

- ;t 

yellow showing that the p H , in each case is between 
6'0 — 1[*0. These tubes are kept in a holder for comparison. 
To another Jena glass test tube 2 c.c. of normal barium 
chloride (p H . 6 4) 5 drops of methyl red 1 and one c.c. 
of normal potassium sulphate are added and the solution 
is diluted to 4 c.c. A pink colour develops within 5 
minutes showing ou^comparison with a phthalate stand- 
ard a p H value between 5*2 to 5*4. 3 

To a fourth tube containing 2 c.c. of ^potassium 
sulphate and 5 drops^ of phenol red, 1 c.c. of barium 
chloride is added and the mixture diluted to 4 c.c. A red 


1 OoIouj cteep blue with thjmolphthalein. 



378 


J. N. MUKHKltJKE AND J. K. BASIJ 


colour develops showing a /; H value on comparison with 
a phosphate standard between 8 0 to 8*2. 

If the indicators are added aftpr the precipitation that 
is, if the precipitation does not take place in the presence 
of the indicators as in the preceding experiments, a 
similar acid or alkaline reaction develops. These Results 
have been confirmed by E. M. F. measurements. 


Confirmation of the above OhservatUxi from E.M.F. 
Measurements. 

i 

* Twenty-five c.e. of barium chloride having />„ = 012 

« 

(E. M. F. method — indicator showed p u , 6 2) are mixed 

with 12 5 c.c. of potassium sulphate 00) and 

12'5 c.c. of conductivity water (p n , 01) in a conical Jena, 

glass vessel and allowed to stand for 2 hours. The p n 

of the upper liquid as determined by E. *M. F. method 

is found to be 4*71. (The colorimetric method is npt 

suitable on account of the presence of suspended particles 

which makes comparison with ^he standards difficult. 

Indicator showed a p lY value of about 5*0 as far as oould 

be determined.) It has also been 'observed that the 
< t * , 
liquid above the precipitate gives an acid reaction either 

i 

with indicator or with hydrogen electrodes so l<?ng as 

there are suspended particles in it. The .decrease ' in 

acidity noted above is to be referred to a gradual clearing 
• *’ 
up of the supernatant liquid consequent on settling of 

suspended particles. It is also easy to understand ‘why 

no acidity is observed in the upper liquid 24 hours after 

precipitation (she above) as by this t,ime all the particles 

have settlfcd and the liquid becomes perfectly* clear, (the 

precipitate, however, continues to give an acid reaction 

with methyl red. ' The fact that tne clear supernatant 

liquid* gradually develops acidity on further prolonged 

contact with the precipitate is obviously to be attributed 

t i 
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to a gradual diffusion of the acid from layers of liquid 
surrounding the solid particles * In this connection we 
would also like to record another interesting* observation. 
When methyl red is added to freshly precipitated barium 
sulphate which has been prepared ,from equal volumes 
of barium chloride and sulphuric acid (normal concentra- 
tion) and washed till no acid could be detected (with 
indicators and after 21 hours’ contact with water) it takes 
up a yellow .colour which does not change with time (up 
to 24 hours). An acid reaction (red colour) develops 

immediately on boiling or on the addition of a neutral 

• * * 

solution of potassium chloride after some time. These 
observations have been repeated and confirmed. 

, Experiment)! were also carried out to see whether any 
<icid or alkaline reaction develops when wefl washed 
barium sulphate precipitated from equivalent amounts 
of il>e reacting neutral salts are kept in cop tact with a 
solution of potassium sulphate or bafium chloride or a 
mixturb of potassium chloride and sulphate or potas- 
sium chlpridc and haniuni chloride in the preparation 
in which they occur in the above instances. No change in 
Pn was’observed (indicators only have been used). It’should, 
be mentioned in this connection that w&en equivalent 

t 

amouats of the two salts are used for precipitation the 
.liquid eitherremains nedtral (/. e., p H remains practically 
uttchtfnged) or develops slight alkalinity (p H , 7,2 — 7*4). 

Similar development of acidity *or alkalinity can be 
shown if we take the nitrate of barium instead of the 
chloride and, the ammonium or sodium salt in place of 
potassium sulphate. • 

(Hi) The Variation in the Alkalinity developed in presence 
' of Excess 'of iotassinm Sulphate with Time. 

We h*ave already* seen that the development of acidity 
or .alkalinity takes, time. It was, therefore, thought 
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desirable to follow the change in the alkaline reaction 
with time somewhat in detail. The stronger alkaline 
reaction makes it more easy to follow these changes. 

Barium sulphate was precipitated with addition of 
24 c.c. of norpial barium chloride to 25 c.c. of normal 
potassium sulphate containing 0 01 equivalent of dne of 
the 'following potassium salts — benzoate, citrate, bromide, 
salicylate, and of ( sodium chloride. It was found that' a 
maximum p H of 11*0 was observed in all cases but after 
6 days, the p H was found to be as follows : — benzoate 
(10*5), citrate (10*0), bromide (9*5), salicylate (9 0) and 
sodium chloride (8*0). The upper liquid becomes clear 
within a few hours after precipitation. Between 3 to 4 
weeks each attains a steady /> H of 8*0. A parallel expert-- 
ment without adding any external salt styows that after 
a p H of 11*0 has been attained it diminishes more, rapicjly 
to 8*0 within 3 to 4 days. It was also found that ' with 
large 'excess of potassium sulphate there was no change 
in p H after the maximum has been • attained. The 
significance of these results will bo discussed later. 

« 

i t 

* (iv) Evidence as to the Separation of the Neutral 
Salt into Acid and Alkali. 

% 

Barium sulphate was precipitated with excess of, 
potassium, sulphate but the precipitate was washed 5 v»?y 
thoroughly till free*from alkali as M shown by the absence 
of an alkaline reaction after 24 hours. But when the 
precipitate is shaken with water vigorously the upper 
liquid shows a p H of 3*8. Boilfng the precipitate yvith 
water produces the above acidity very quickly. 

When the precipitate r is formed- from excess "of 
barium chloride, a cloudy suspension .is formed 'on wash* 
ing and it was not possible to wash it further, 
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D. Elect ro- osm otic Experiments with Precipitated 

Barium Sulphate. 

From our poyit of view it is rfecessary # to ascertain 

the sign of the charge of the precipitate in order to 

fprm an idea as to whether the hydrogen ions are coming 

from *the primary or fixed layer of ions, or from the 

mobile sheet of the double layer. The apparatus is a 

modification of Jirigg’s method as used jn this laboratory 

{of. Dec.* 2, 1922.) The results are qualitative 1 . 

The "rate of movement of the bubble is given interns. 

» 

per 3 minutes. . . t 

(i) Dependence of the Sign of the charge carried by the 

* Precipitate on the conditions of Precipitation. 

# 

* (a) We haVe already remarked that when precipi- 
tated 4 frdm an ^excess of barium chloride by adding less 
than an 'equivalent amounjb of potassium sulphate the 
precipitate forms a dolldidal suspension which is difficult 

to wash. On observing the direction of cataphoresis in 
% ^ • 

•aU-tubc it is found that the particles are positively 
charged. This observation has tjeen repeated several 
times and there is no doubt that the part idee precipitated* 
from {in exdess of’ barium chlorjde carry, a positive 
chahge. If Jthe liquid is decanted as far a& possible and 
pure water is added to the precipitate the suspension 
that! is formed also oontains positively charged particles 
showing that the partial removal of the electrolytes does 
not change the sign gf the charge. 

(A) On the other hand the precipitate from *?n excess 
of potassiuih. sulphate lias no tendency to pas# into the 
coljoidal state on washing aqd the direction of electro; 
osmosis is with the ' positive current showing ihat the 
liquid in* contact w’ith the particles is po&itivoly charged 
and. that’ the particles carry a negative charge. The 
17 
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precipitate is previously washed free from sulphate 
before it is used for electro-osmotic experiments'. 

(<?) When the precipitate is formed by mixing equal 
volumes of iiormal solutions of potassium sulphate and 
barium chloride and is washed free from chloride the 

c 

direction of eTectro-osmotic flow shows that the particles 
carry a slight negative charge. We could not observe 
a positive charge though we repeated the experiments 
three times. 

f; r <> 

( d ) When precipitated from equal volumes of normal 
solutions of sulphuric acid and barium chloride, and 
w*asfied free from acid the particles carry a definite 
positive charge. 

* 

( ii ) Variation in the Charge on the Addition of * 

• Electrolytes. . * 

In these experiments the precipitate was obtained 
from mixing lange volumes of hot dilute solhtiorfs of 
potassium sulphate and barium' chloride using* a very 
small excess of the sulphate. The precipitate was washed 
free from sulphate with hot water. (70°— ’80°). , The. 
variations in the charge of the particles in .contact 
4 with barium* chloride and sulphuric acid have been 
investigated* The dat.a are given below : 


Electrolyte. 

< 

Concentration 

1 • 

-Kate of movement 
‘in cum. per 3 min. 8 

j* 

Sign of^charve. 

! «> 

« 

0 


t * 


' «.• 

Barium chloride 

! 0 (water} 

; 4-3 

4 Negative 


0-0002 N 

3*9 * 

ti 

- 

0*0004 N 

; 

. 42 

« 

I Positive 


0-001 N < 

10-2 

! .. 

» r 

« 


i 

| — f 

| 

«> 

* 

i 

i 4 ! 

• 

Sulphuric acid 

0 (water) 

5-6 • 1 

* . i 

Negative 

*. 

« 4 

* »♦ 

0*002 N 

t 

7’2 j 

>» 



adsorption op electrolytes 


Discussion % 

It will J)e coyvenyent to discuss the results under 
two heads as follows. 

% 

A. Generation of Acids and A Ikalis by double Decomposi- 
tion of Neutral Solutions of Potassium Sulphate and 
, Barium Chloride. 

% 

The adsorption of electrolytes by barium sulphate 
during precipitation is well known (of. Treadwell-Hall, 
“ Analytical Chemistry,” Vol. II, 1921, pp. 401-5 ; Mellor, 
“ Treatiseon Inorganic and Theoretical Chemistry,” Vol. 
Ill, 19 , pp. 705-6, where references to literature are 
given). Hulett and Puschak (Z. anorg. Chen't., 1904, 40 , 
106) assume the existence of such salfe as BaQIHSO,; 
(Bad)... SO,, and Ba(lIS0 4 ). J in the precipitate, Similar 
salts are* also well-known. Whenever explanations based 
on* chemical reactions are put forth the cfuestion as to the 
nature 6f the solid phase arises. 

Are we* to rega*rd the. solid as a mixt ure of two or more 
pure Solid phases ’or as a mixture of solid phases one of 
which is a solid solution ? Further, what is the’ part 
played by the solid-liquid interface in these reactions ? 
We have already seen that compounds of barium sulphate 
with acids are known. • Apart from the question of 
stability of such salts under the conditions of precipita- 
tion 'their fprmation in minute quantities can explain 
the development of alkalinity. But so far as \ve know- 
compounds o( barium* sulphate with hydroxides of alkali 
or alkaline earth metal* arc unknown and *it is difficult 
to account fon the generation of acidity on the assumption 
* qf the formation .of definite chejnical compounds. . 

Besides froih the orthodox chemical point of view 
the relationship between the chargq carried b$ the. par- 
ticles and the chpmifcal reaction which we have, observed 
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is not contemplated. Two alternative explanations may 
be suggested *based respectively (a) on the adsorption of 
ions and the nature of the electrical double layer sur- 
rounding the colloidal particles, and (6) on Donnan’s 
well known exception of equilibrium between ions aerdss 
membranes. In either case it is assumed that' when 
precipitated from excess of barium chloride the particle 
has an excess of barium ion adsorbed on the surface, and 
a*i excess of sulphate ion when precipitated* from excess 
of sulphate. The .particles consequently would carry 
respectively positive and negative charges. Taking the 
case when barium chloride is in excess t if we assume that 

t 

the precipitate appears in the form of fine particles 
forming a sort of membrane and that t fie * membrane \ 
structure, in places completely encloses the liquid like a 

r 

sac it is possible to imagine that the liquid enclosed, in 
the sac has a higher concentration of barium fc *clflpride 
than what obtains in the bulk 'of t he liquid outside it. 'In 
that event diffusion of barium chloride will set in from 

inside the sac towards the extevior. 'On account of the 

€ « 

positive charge carried by the membrane the diffusion of 
.the bhrium ion through it will be slower than tljat of the 
chlorine ion with the result that acid .w ill appear outside 
and alkali ipside the sac. Similarly we can account for 
the .alkalinity when the sulphate is in’ excess. Tim 
assumption of a diminution of the rate of diffusion* when 
the membrane has A charge of the same sign is not hew. 
Fischer , {Roll. Zeitsch 1920, 30, 13) made "such an 

assumption with a view r to explain the formation of 
Liesegang rings on the basis of * Bradford’? suggestion 
( Biochem . J., 1916, 10, 167) that the adsorption of consti- 
tuent ions is in part respbnsible^ for. the formation of 
such rings. From the above point of view * it would 

follow that tfie difference in concentration of barium 

% 

chloride . inside and outside the sac as also the magnitude 
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of the positive charge will determine the degree of acidity 
developed. If instead of using ‘barium chloride and 
potassium sulphate^ of t the same concentration, a higher 
concentration of barium chloride is used in the 4 precipita- 
tion, one would expect that in the initial stages of preci- 
pitation the difference in the concentration of barium 
chloride inside and outside will be increased. ' Further 
highev concentrations of barium chloride may also 
increase the positive charge and th«s decrease the rate of 
diffusion of barium ion still further. But experiments on 
these" lines show the absence of anv such effects. There 
is no material change in the acidity. Moreover, this 
explanation is based on a number of assumptions of which 
one cannot be very sure. For instance under the conditions 
Of precipitation it is not very likely that there., will be a 
difference in the concentration of barium chloride to any 
marked degree. On the other hand a much, simpler 
explanation is possible. From our point of view, we can 
form the following picture of the double layer. Ordina- 
rily the surface of a > pure crystal of barium sulphate 
consists of barium and sulphate ions spaced in confor- 
mity with its crystal structure. When there is an excess 
• * 

of barium chloride present, in the solution, some of the 
barium ions become fixed in close proximity to the sul- 
phate ions and the surface has more barium ions per unit 

area than otherwise. In this case, there is a probability 
* 

of a partial displacement of the, chlorine ions which are 
present in the mobile sheet by hydroxyl ions on, account 
of the greater aclserbability of the latter. It is,well- 
known that the effect* Of hydrogen and hydroxyl ions 
respectively »n negatively and positively charged colloidal 
surfaces are decidedly greater ,than that of mojjt other 
inorganic catiohs apd anions respectively. Some of the 
chlorine ions of the mobile sheet m$iy be displaced by the 
hydroxyl ions of Water and the displaced chlorine ion 
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together with the partner hydrogen ion of the hydroxyl 
ion will maintain the electrical neutrality of the solution. 
The extent of the replacement will be actually determined 

f f t 

by the relative adsorbabilities and concentrations of the 
two ions. Though, the adsorbability of hydroxyl ions 'is 
very great its concentration is very small, and only when 
wejhave a large development of specific surface and 
consequently a large solid-liquid interface the effect will 
l^e measurable. The * sensitiveness of , the .methods for 
determining hydrogen ion concentrations makes it 
relatively easy to observe such effects. We thus see that 
tHe amount of acid liberated depends on the following 
factors — (l) number of barium ions remaining adsorbed 
at any instant under consideration, (2) relative adsorba-, 
bility of chlorine* and hydroxyl ions, and (3) their 

* i 

relative concentrations. The extent of adsorption of fhe 
barium ion depends (a) on the number of places on ..the 
surface where it can be adsorbed, ( b ) the intensity of its 

j * 

adsorption, and (o) its concentration in the solution. The 
particles, are thus coated with c molevules qjf barium 
hydroxide at places and the liberated acid gradually 
diffuses away from the surface and 6n qccount ‘of the 
slowness of the process of diffusion and the small amount 
of acid liberated, the acidity can only be observed at first 
on adding an fndicator to the precipitate itself or when, 
the particles themselves remain suspended in the sohitio^. 
In time sufficient acid diffuses into 'the bulk of the liquid 
to give a, measurable effect. 

The greater and more rapid develcpfaent pf alkalinity 
probably indicates either ( i ) a more, intense adsorption of 
sulphate Ions on the surface' or ( ii ) a greater difference 
between, adsorbabilities of hydrogen and potassium ians p 
than between chlorine and hydrogen^ ions: Further work 
is necessaVy ‘before, we can be sure of the case 
of this difference. We shall see in* next section that 

t *■ 
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hydrogen ions are probably fixed on SO" 4 ion forming 
11S0' 4 ions. 

(B) Liberation of Adsorbed Acids and Alkalis by 
Neutral Salt Solutions. 

a 

* 

It has already been stated that compounds between acids 
and barium sulphate arc well-known and that during pre- 
cipitation, formation of such salts in minute traces has been 
suggested by several investigators. Formation of complex 
acids containing barium sulphate can pot account for the 
positive charge of the surface when the salt is precipitate 
in the presence of acids or the increase in the negative 
charge with dilute solution of sulphuric acid observed 
with barium sulphate precipitated from neutral solutions. 
That the particles are charged positively show;s that we 
are not dealing with neutral molecules of complex acids 
present 'either at the surface or distributed, throughout 

th'e entire mass but that there is an exdess of ions of one 

» ; 

kind on the surface. When precipitated in presence of 
high concentrations of acids the hydrogen ions are 
primarily adsorbed by the surface and impart a positive 
charge to it. Strong adsorption of hydrogen ions clearly, 
points to the formation of HSO' 4 ions, the corresponding 
anion remains mobile in the double layer. ‘ On washing 
the HSO' 4 iohs on the stir face slowly break down and 
liberate acids. The stability of the HSO t ions so far as it 
depends on electrostatic forces can be ascribed to the small 
diameter of hydrogen ion and the double charge of the 
SO" 4 ion. On addition of a neutral electrolyte partial 
replacement of hydrogen ion in the HSO' 4 ion by K' ion 
takes place on account of the high concentration of the 
latter and KSO' 4 ioifs are formed. The HSO' 4 ions are 
stable only in presence of high concentrations of acids. 
The interchange of K' and IT ions takes place in the fixed 
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layer of ions and the process will be slower than what 
wodld havejbeen the c^sc if we were dealing with an , 
interchange* of ions in the solution with those in the 
mobile* layer. Besides the diffusion o ¥ the liberated acid 
from the surface is slow. The gradual increase in acidity 
of the solution should be ascribed to these factors. On 
the other hand the elect ro-osmtic experiments with salts 
precipitated from neutral solutions and treated subse- 
quently with acids show that the hydrogen ions come 
from the mobile layer. We have seen that the particles 
initially carrv a negative charge which increase? still 
further at low concentrations of sulphuric acid. Under 
these conditions more sulphate ions are adsorbed on the 

surface than, the H' ions and the latter constitute the 

« 

mobile layer. * t 

Taking the evidence as a whole we * believe that* at 
low concentrations of sulphuric acid Hie adsorption 
of sulphate ’ions predominates over that of hydrdgen'iqns 
the reverse of which takes place Ut high concentrations. 

W 

In concluding the discussion we would t point out that the 
simultaneous measurement of the charge carried by. the 1 
particjes gives a clear idea of the nature of the reaction. 
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Studies on the Dependence of Optical Activity 
on Chemical* Constitution. Pai*t * VII. 
Stereoisomeric Aryl Derivatiyes of lmino- 
and Bisimino-Camphor and their 
Absorptive Spectra. 

BY 

Bawa Kartar Singh* 


. Haghunath Rai. 

* Stereoisomerism of the Hantzsch-tFerner type in 
hydrazones, semicarbazones and phenylcarbamylhydra- 
’ zones. of oamphorquinone has been definitely established 
, (Fosster and Zimmerli, J. €hem. Soc., 1910,57,21*36), 
and their'a and /3 forms are regarded as anti- and syn- 
carbonylic respectively : 


NHX , 


C=N 

C.H 14 <| • 

» CO 

to 


c * = X 
C, H,.< ! . 

$ 


NHX 


Vnvnoeamphor and its aryl derivatives which ’contain 
an azethenoid’ group should alsb he capable of existing 
in two stcreoisomeriv* forms (I) and (II) : 


R(H) 
*• I 

0=*N 


C 8 H l4 < | 


CO 

• (i) 


c = ^ 

(%H 14 < | 1 . 

• CO R(H) 

m . 


The difficulty of eliminating structural isomerism in 

b w 

the case of the hydrazones, semicarbazones, etc., klluded 

18 
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to by Forster and Zitnmerli (loc. cit.), which is due to 
the jfrresenee^ of the hydrogen atom in the -NHX group, 
linked to nitnogen of the azethenoid group, is, however, 
absent *in the aryl* derivatives v>f imino- and bisimino- 
camphor. It would, therefore, seem to be easy to esta- 
blish the existence of the Hantzsch-Werner type cf 
stereoisomerism in these classes of compounds. Not- 
withstanding this, numerous derivatives of iminocamphor 
have been obtained in one form only (Forster and Thorn- 
fey, J. Ohem. Soc., 1901), 95, 944; SingH and collaborators, 
J. Chem. Soc., 1919, 115, 506; 1920, 7 77, 980, j. 599), 

except- in the case of 4-hvdroxy-a- naphyl-imino- 
camphor, which exists in two fdrms (unpublished 
work). The case is different with thp derivatives of 
bisimino-camphor., p:p- Diphenvlene- and o.o- ditolylene- 
-bisimino-camphor have been shown by one of us to exist 
in two forms (Singh, Singh, and Lai, J. Chem . Soc , 1921, 
119, 1971).'* Thtjy may be represented by two out of 
three possible stereo-chemical configurations, (III), (fV) 
and (V), which are designated as anti-, 'syn-, and amphi- 
carbonylic respectively : 


C 8 H I*. 

/\ 

oc — c 

li 


«C —CO 


l! 

N .-<ZXI> N 

R R 

( Hi ) cm 12 

C 8 h 14 

A 


c 

II 


C 6 H ,4 

A • 

c — CO 

•:i 


VVv 

A 

oc — c 




* R 


C e3l4 

be — C 

II 


( B? ) Sy. r 




R = H OR CM 


( 37 ) Ostn j Ju< 
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If this, view is correct, then on reduction, (III), (IV) 
and (V) should each furnish the same hisatfiinocamphor 
derivative* (\1) : 



In conformity with this view it jams found (7 or. cit.) 
that />://-diphenylenebisamiiio- camphor was produced hy 
the reduction of both the forms. This result disposes of 
structural isonuyisrn of any kind, and, in conjunction 
wit,h experiments on the mutual interconversion of the 
two f.ohrtg of 1-hydroxy-a-napht hy liminocamphor by the 
action of solvents and , heat, appears to us to establish 

incontestable thart stereoisomerism of the Hantzscb- 

• • 

Werner type exists. • 

There is no chemical method available bv which the 

. * * , 

configurations of these isomers mav be allocated. 'I he . 

, only point of attack hy chemical means is the carbonyl 

grouji ill the /8-position of the earphone lpolecule, hut 

its indifferent* reactivity, which is familiar, does not *lend 
• * 
itsolf to chemical transformations. It was, therefore, 

^ • # # 
thought desirable to determine the absorption # spectra of 

these ami other similarly constituted compounds with a 

view to correlate theita with their optical rotatory pewer. 

It if} well known that ’unsaturation increases ajeneral 

* • * 

• A s two new carbon atoms (Tracked with aji asterisk) are rendered i^sv mmol ru f , 
the optically activo com pcvinds l^viiur the oonfucurat ions \lll), (IV) ami (V) rati 
ouch yield theoretically on reduction the same three stereochemical isomers aa, 
/3j8, a/3. represented bv the structural formula (V*) In practice, howovkr, only 
one and the same of these iaotflers was produced from both the forms. 
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absorption, and that among the unsaturated compounds 
the tram - cr anti - variety is more absorptive than the * 
cis- or *y»-($tevvart. Chem. Son , 1907, 91, 199; com- 
pare also Magini, Atti R. Accad , Lined . 1903, (V), 12, 
ii, 29 ; J. Chim. Phi/s 1904, 2, 410). A relation 
between absorptive and optical rotatory power of uii- 
saturatedr compounds which has been developed by 
Stewart (loc. cit .) into the rule “ greater absorption, 
greater rotation” ’may be expanded into the generalisation 
that the tram or anti variety has greater rotation and 
greater absorption than the cis or s;/n. It was therefore 
h6ped that as a result of the correlation of the optical 
rotatory power and absorption spectra of these isomers, 
their stereochemical configurations mav be deduced. 
Though the attempt cannot be said to he entirely 

successful, some interesting results have emerged ffom 

* / 

this work. 

I » 

In Fig. I, the absorption spectra curves of the two 
forms of p://-diphenylene- and o:o'-ditolylene-bisimino- 
camphor, together with those of the o.V-dimethoxydiphe- 
nylene derivative in chloroform solution are given. It is 
seen that these compounds exhibit general absorption. 
The data with regard to these compounds {loc. cit.) may 
be conveniently summarised here : 


TABLE I. .. 

p ://- Dipheny leneuisimi u ocamph or. 

Colour. m.p. Solubility. [Mjn Absorption. 

1. Golden-brown 274° more 543H°(CHC1 3 ) more 

2. Green 276 less 6472 „ less 
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Fia. X 


o 

O FREQUENCIES 



’* -yX p : /’-PIPIIEX YEEJJK-RlS-IMrNOCAMrHOR (GREEN VARIETY). 

• • . 

— * p ; ^-PlPHEXYEKNE-ItlS-IMINlTOAMPnOR (rep variety). 

.. — ip: p-PITOI,YEEXE-RlS-lMIXOCAMPIIOE (green variety). 

. — . — p : ft-PITOI.Yl.EKE-MS-IMIXOCAMPIlCR (GOLDEN YELLOW, V AR :). 

p ; p-PlMETIIOXY-JMl'IIKXYLEXK-JUS-IMIXOCAMPHOR. 

P : p'-piyt KT II OX Y - PT l*ni'fXYl.EXK-RIS-lMIXOCAMRHOJf. 

(after the solution hap been kept for a week). 

• I * 


t5CO 



DHPENDKNCK OJ' OPT J CAP ACTIVITY 


393 


o:d - Ditolylenebisiminocamphor. 

• • 

Colour m.p. Solubility [M]d • Absorption 

1. Yellow * 198*199° * more 4007°(CHCf 3 ) • more 

346 2 (CH,OH) 

,2*. Green 200-202° less 3929 (CHC1 S ) less 

3274 (CH 3 OH) 

The yellow variety of oto-ditolylenebisiminocamphor 
which is more absorptive than the green variety (as its 
curye lies at lower frequencies) possesses higher rotatory 
power, and this is in harmony with Stewart’s rule (toe. 
oit .) It may, therefore, be represented by tram or anti 
configuration (III). The case is, however, .different with 
/> 7 /-diphenylenebi> iminocamphor where the more ab- 
sorptive form has low’er rotatory power. It is* however, 
to be Tioticed that the difference in the rotatory powers 
of the ko forms, in this case, is very spiall.' 

The application of the relation between optical rota- 
tory power and Configuration, as deduced from a study of 
the, hvdrazones* semicarbazones and phenylcarbamyl 
hydrazones of For iter and Zimmerli ( loc. cit.) lqads to 
the same result. The a-derivatives which are regarded 
as rt«7i-carhony lie ’have higher piolecular . rotation. In 
other words, the higher, rotatory power is itssociated with 
anti jot /r« ^-configuration. The o:o'-dito!ylene derivative 
Vvk»ich has higher rotatory power would be Vegarded as 
anti , and should, therefore, be* more absorptive. This is 
found to be the case. The jo:j»'-diphenylene ‘derivative 
which has* higher rotatory power wouid likewise be 
represented- by anti configuration. It should,, therefore, * 
bp more absorptive .Jmt it is less. The uncertainty causpd 
* by the existence of third configuration in the *bisimino- 
camphor derivatives is not to be overlooked, .and we are 
not sure which fcwq pairs are being* compared. This may 
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explain the anomalous results in the case of the.dipheny- 
lene derivatives. 

s * 

In Fig. the absorptive spectra cjxrves of six com- 
pounds in chloroform solution are plotted. These com- 
pounds, which naturally fall in two series, also exhibit 
general absorption. The relation between rotatory 
power, absorptive power, and unsaturation is brought 
out very clearly by pounting the number of double linkings 
i nr the structural formulae of these compounds (Tables II 
and III), and comparing the molecular rotatory powers 
and absorption spectra curves in chloroform : 

TABLE IT. 


i. 


m-Phenylcne-bieimino- 

camphor. 


C= N 


'8 




c = o 


N = Cn 

I / Co H, a . 
0 = C / 7 8 't 


■JIUUf 


jp-Phenyleno-hiafirni no- 
cam phor« 


7 double linkings, 

bujt conjugation broken 
at dotted line. 


c e H «* 



O = c / 


C- H 

8 14 


(>088 


7-double linkings, 
conjugation complete*. 


I : 4-Naphthylene- « ^ u y C ~ fi ~"\ ( y— N — C ^ 

bisiminocamphor. /= \ I >C H 8.157 

G = 0 V } 0 = C<‘ 8 


O-doubfc linkings, * 
conjugation complete. 
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Fig. II 



i I'Hl-.ffyi.-IMlNGCAMl'IIOR. 

1» -l'llKXYL»IilS-IMlN*>C.\MrilOR. 

. . p .pilEXYLENK-i:iS-lMiyOOAMPIIOR. 

.. . , . —a - X A 1 ’ 1 1 t’h Y1.-1MIN OOAMl'Il 0 R*. 

. «-NAI’HTIim.-IXIXOCfMP11on {on, P-HYDUOXY-a-NAPllTRYI.- 

• * ‘ 1 i 

* IMINOCAMJ’I A'U.) . 

* 1 ;4-l? APHTHYLENE; jtlS-IMINOCAMPHOK. 
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TABLE III. 


PhttiiyliittitiociimpHor. 


8 »«. 


< 


C = h 

I 

c = o 



1750° 


5 double linkings. 


/r-Xitphtbylimim’* 

osnnphor. 



1774° 


7 double linkings. 


4-H^'tiroxv a n iph- 
t hy liminooiun- 

iftmr. 

> • * 


C 8 h ,4 



• 7 double linkings. 


yellow 3991° 
form, 

orange 3948° 
form, * 


This survey shows clearly that the compounds* which 

possess the greater number of unsaturated conjugated 
« 

linkages have greater absorption aS well as ’greater rota- 
, tion. In other words,* the rotatory power and the 
absorptive power are similarly affected by unsajuration. 

VHydroxy-a-naphlhylimirmcamphor ( unpublished 
yet) exists in two modifications, orange and yellow, which 
are undoubtedly slervoisomeric of the type under discus- 
sion. They, however,* give an identical absorption spec- 
trum curve * (Fig. II),* which is that of the equilibrium 
mixture of thq t\vo varitJtiep in solution. This vietv 
receives support’ fro&i observations on mutarotation in 
methyl alcohol; the value of [AVJd for ‘the yellow form 
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is 6070° (after six minutes), 4096° (3£ hours), and 3733° 
(27 hours) ; that for the orange variety to 3616° '(£ hour). 
The values of [M*Jd ip chloroform 'Table III) are practi- 
cally identical and refer to those oi the equilibrium 
mixture of the two .forms. This is confirmed by the 
direct transformation of the yellow forms into the orange ' 
in thpse solvents. The reverse change is brought about 
by heat. « 

♦ Received \J uly 10, 1926- 

The Chemical Laboratory, 

Ravenkhaw College, 
f r C attack. 



The Manufacture of Strychnine and Brucine 
from Nux Vomica. 

BY 

E. R? Watson and n. D. Sen. 

* 

When a process comes to be considered on a large 
scale many factors have to be considered which * ai'e 
usually neglected when the operations are carried out jn 
the laboratory, such as cost of reagents, steam, and labour 
and initial cost of plant. For this reason the following 
experiments on the extraction of strychnine and brucine 
froirq nux vomida on a semi-large scale may be of interest. 

.Several processes are described in a 'general wa,y in 
the literature. The first process tried was the extraction 
by dilute ajeohol, svapojyiting off th'e alcohol, precipitat- 
ing tannin by lead’aeetate and finally precipitating crude 
alkaloid’ from the filtrate by alkali. This process, gave 
very* impure alkaloid. The next process tried Was one 
* generally employed in alkaloid extraction, viz., making 
fclie material alkaline and* extracting with some solvent 
im;nis«tble with water such as toluene of kerosene oil. 
The tprescription used* at the # Government Cinchona 
Factory, .Bengal, for the manufacture of quinine from 
cinchona hark was ’ trjed. This consists in mixing the 
material with lime and caustic soda ahd water and 
extracting with hot kerosen’e oil. This proved • unsatis- 
factory as the aquebus mixture and the kerosene oil 
formed an, obstinate estiulsion. 

The process was* modified by mixing* the* powdered 
nux vomioct with lime* and water, drying, powdering and 

a • • 

19 
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extracting with hot kerosene oil. This gave a satisfac- 
tory result, -but on & large scale the drying of the 
material is bne of, the most expensive parts of the 
process, both as regards steam and initial cost of plant. 
Experiments were therefore made by steaming the nuts 
to soften them, mixing with lime and passing through a 
disintegrator and extracting with hot kerosene without 
previous drying. This also gave a satisfactory result and 
the process as finally worked out was ag follows. 

A half-maund (41 lbs.) mix vomica (whole nuts) was 
heated in an autoclave with 1| times its weight of water 
at 30 lbs. pressure for 3 hours. Thirteen pounds of 
quick-lime were slaked with the surplus water from the 
autoclave and a little additional water until it fell to a 
powder. The stemmed nuts were mixed with the lime and 
passed through the disintegrator. This material was 
extracted with 20 gallons kerosene at 90° 'in a closed pan 
for 1 hour with vigorous stirring and then the kerosene 
was separated from the mud by passing through a 
centrifuge. The kerosene oil was extracted with 40 lbs. 
dilute acid (containing 372g. sulphuric acid (D 1-81) ) in 
a lead lined pan at 90° for 1 hour with stirring. The acid 
layer was run off, filtered and neutralised with a solution 
of 500 g. soda ash in 5 lbs. water. After standing over- 
night a first crop of 205 g. of alkaloid was filtered off. 
The mother-liquor was concentrated to one quarter of , its 
bulk and gave a further precipitate of 93 g. of alkaloid. 
The alkaloid was dried in the steam- oven and extracted 
with, its own weight of cold acetone. The residue inso- 
luble in acetone was dissolved in hot dilute sulphuric acid 
and on cooling a crop of strychnine sulphate was deposit- 
ed. On concentrating the mother-liquor a further crop' 
of strychnine sulphate was obtairied. On the average 
6 ozs. of strychnine sulphate were obtained, but in some 
experiments the yield was more than this. The strych- 
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nine sulphate was free from brucine. It was purified by 
recrystallisation from hot water. , In these % operations 
there was a loss of 2 gallons kerosene oil and of acetone 
equal to the weight df alkaloids treated. • 

^he following is an estimate of the daily working 
expense^ in handling 25 maunds nux vomica ih a properly 
designed plant at Cawnpore. 


Rs. As. 


25 njds. mar vomica at Rs. 4-8 in Calcutta 112 
Freight on same to Cawnpore at Rs. 2 per rnd. 50 


Bags for same at as. 4 per maund ... 6 

Carting in Calcutta ktid Cawnpore . ..• 4 

Coal ... ... ... 17 

• * 

* Lime at Re. 1 per maund ... ... ^ 8 

’Sulphuric acid (IX 1*7 5 at as. 2 per lb. Cawn- 

P or . e ) — ••• ••• 6 

Soda*ash at Rs.* 10-8 per cwt. (Cawnpore price) 5 

if % 

labour and mistri ... . ... • li l 

25 tins kerosene oil at Rs. o-12 ... 93 

30 Hbs. acetone at Rs. 1-8... ... • 45 


Total 360 


8 

0 

4 

0 

0 

4 

0 

4 

8 

12 

0 


The value of the product may be estimated as*: — 

* * 

18f dbs. strychnine sulphate at Rs. 1-10 pet oz. 

(London place) or Rs. *22 per lb. Rs. 409*8. 

• » 

this process it is pecessary to have efficient stirring 

during the extraction with hot kerosene ; otherwise the 
whole of the alkaloid is not extracted in one operation 
and a second * extraction is necessary with increase in 
working charges. . , 

» Experiments have shown that the process can be 
f Arther simplified hy /( omitting*the precipitation of alka- * 
loids by so’da and simply concentrating th,e a&id-liquor, 
which hae extracted the alkaloids* from the kerosene. 
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when strychnine sulphate crystallises out. In this case 
the sulphuric acid must be cut down to 240 g. (D 1‘84). # 
From half- 3 -maund there was obtained 6*8oz. strychnine 
sulphate free from brucine. 

The recovery of pure brucine from the remaining 
alkaloid has not yet been worked out fully. The crude 
brucine extracted by cold acetone from the total alkaloids 
can be crystallised from 25 per cent, alcohol (decolouris- 
ing with a little animal charcoal) and obtained in a pure 
condition. 

The nux vomica used in these experiments contained 
£ • 0 per cent, of total alkaloids. 


Technological Institute, U.P., 

j 

C AWN PORE. 


Received May 25, 1920 . 



Synthesis in the Imina.zole series : 
Some derivatives of Isim inazole. 


RY 

Pjrapulla Chandra Muter and Ndipendra Nath Sinha. 

The irninazolp group contains many substances which 
are formed in the metabolic processes of the living orga- 
nism. Among these oxo-derivatives like hydantoin, 
allantoin and parabanic acid are of’ special importance. 
While, the 2-4-di-oxo-derivatives are largely represented 
only A few 4-5-di-oxo-derivatives are knoyrn. The syn- 
thesis of parabanic acid' from urea dnd oxalyl ohloride 
(Biltz and Topp, Her., 19)3, 46, 1387), and of o-methyl 
iso-parabanic acid from o-methyl iso - urea and oxalic ester 
(Bruce, Amer. them. J. 1904, 26, 456) led us to investi- 
gate the action of oxalyl chloride, oxalic ester and oxa- 
minic ester # on amidines. With benzamidine andj;-tolu- 
amidine dioxo-dihydro-iminazoles are easily obtained. 
With acetatnidine howbver, our labours have, so far, not 
been* attended with success, due probably to the great 
instability , of acetamidine (Pinner : “ Die Imidoether,*’ , 
p. 107): ' , 

From the dioxo-compounds the oxo-chloro deriva- 
tives may be easily obtained by the action of phosphorus, 
oxychloride’ ^ 

t i 

It is interesting to note? that the oxo-chloro-com- 
pounds 'may be regarded as representatives the hither- 
to unknown group, of ism inazoles? 
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Experimental. 


‘l-Vherbyl-^Ji-dioxo-bs'.h-dihydro-iminazole. 

^NH-CO 
C«H,C^ I 
CO 

(1) From oxalic ester and benzamidine. 

Potassium hydroxide (l*12g.) dissolved in water 
(5 c. c.) was added to benzamidine hydrochloride (3 g.) 
dissolved in water (10 c. c.) in a stoppered bottle. Then 
oxalic ester (3 c. c.) was quickly added. Heat was gene- 
rated and an intense yellow colour developed. The 
bottle was cooled and the yellow colour gradually faded. 
The mixture was allowed to stand for three or four days 
with occasional shaking. The solid product was collect- 
ed, washed with water and recrystallised from alcohol. 

It is soluble in water, alcohol and glacial acetic acid, 
insoluble in ether and acetone; r.i. p. 174° with decom- 
position. (Found: N — 15*82. C 9 H 0 O 2 N 2 requires > T = 
16*09 per cent.). 

( 2 ) From oxalyl chloride and benzamidine. 

Benzamidine was liberated from the hydrochloride 
by means of concentrated potassium hydroxide solution. 
The free base was extracted by ether and a little more 
than the calculated quantity of oxalyl chloride was added 
drop by drop, with constant Stirling. After about' an 
hour the ether was evaporated by keeping it in a vacuum 
desiccator and the residue crystallised from alcohol. 
It was identical with the substance already obtained, 
(Found: N = 15 *77). 

2-Phenvl-^s-chloro-h-oxo-isiminazole. 

* * 

Freshly . distilled phosphorus oxychloride (5 c.c.) was 
added to the dioxo compound (5 g.) in a flask fitted with 
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a condenser. The mixture was heated on the watef-bath 
for fifteen minutes and then poured on a small quantity 
of crushed ice. The solution was nearly ’neutralised with 
sodium carbonate, evaporated to dryness and extracted 
with absolute alcohol. On concentrating the solution, 
the chloro compound separated in shining needles, m.p. 
215° with decomposition. It is very soluble in Water, and 
alcohol, insoluble in ether and benzene. (Found : Cl = 
18*41. C e U 0 ON ; jDl requires Cl = 18 44 per cent.). 

2-p- Tolyl-\i~b-dioxo-dihydro-'iminazole. 

(1) From oxalic ester and ^-toluamidine. 

js-Toluamidine hydrochloride (3 4 g.) potassium ‘hy- 
droxide (1*12 g.) and oxalic ester (3 c.c.) were treated in 
'the same manner as in the case of benzamidyie. After 
standing overnight the solid product was crystallised from 
a larg§ quantity of boiling water. It does not melt up 
to 280°. 

It is soluble in hot water, warm alcohol, acetic acid 

and hvdrochloric acid* insoluble in acetone and benzene. 

^ ^ r 

(Found: N = 14*68. C 10 H s OoN 2 requires ]ST=14*88 per 

» * 

cent.). 

» ' * , 

(2) From oxalyl chloride and jt?-toluamidine. 

t • 

. The procedure was the same as in the case of benza- 
midine. (Found: N = 14*71 per cent.). , 

* *(3) From oxaminic ester and ^>-toluamidine\ 

Qxaminlc ester (2*1 g.) was added to a* dry ethereal 
solution of p-toluamidine liberated from the hydrochloride 
(5 g.) and* the mixture was well-shaker/. The odour of 
amhaonia w-as distinctly perceptible. The mixture was ' 
a\lowed to stand for a day and the solid product was ip- 
’ crystallised from alcohol. The* substance was’ found to 
be identical with -the product obtained with* oxalic ester 
or.oxalyl chloride. . (Found : N *= 14*73 per cent.). 
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2-^-Tolyl‘ii-chloro-b’OXO-isiminazole. 

§ • 

, ^N=C.C1 

‘ ch,.c 0 h 4 .c^ I • 

CO 

r 

» t 

The dioxo compound (5 g.) was heated with •phos- 
phorus oxychloride (5 c.c.) on the water-bath for about 
fifteen minutes and then poured over a small quantity of 
crushed ice. The hydrochloride separated jn the form 
of crystals. It was filtered and dissolved in a small 
quantity of water and poured into a concentrated solution 

r r I 

of sodium acetate. The crystalline precipitate was 
filtered and dried and crystallised from a mixture of 
alcohol and ether. The substance sublime's between 260 
and 265°. 

* i 

It is very soluble in water, soluble in alcohol, inso- 
luble in chloroform, acetone and ether. (Found : 01 = 17*2. 
Ci 0 H. 7 ON 2 C1 requires Cl = 17T9'per cent.). 


University College of Science 'And Technology, 

♦ * 


Received Mdy 20, 1926. 



Pseudo- urethanes.* Part I. . 

BY 

* 

Uemrndra Kumar Sen and Chittaranjan* Barat. 

• Sbme observations by one of us (Sen, Physics-Chemis- 
try Colloquium, University College of Scienoe, Calcutta., 
August, 1924, Proceedings of the 12th Indian Scienoe 
Congress , Benares, 1925, p. 118) relating to the mecha- 
nism of the pyruuic acid theory of plcoholio fermentation* 
have assumed more than speculative importance since 


# •Son’s scheme of alcoholic formontation. 

cHon 


CHOH 

.1 

CHOH * 

I 

CO . 


■■■ r 

1 o 


V-q a, 




CH- 

i— in 

I 

00 

1 

OH,- 
<->2CH,0H0 4 2C0,* 


choh choi! 

Reductase *| 


CH, 

CHOH 


CH, 

CO 

I 


CHOH H fi 0 rjp^OH Oxidase OOOH Carboxylase 

j RC<on — ^ + > 

CdOH 


O 


oh, on 


Ohoh 

I 

, 00 
I 

OH, 

Reductase 

> 2CH 8 CH 8 OH. 


+ 

CH 2 OH 

CO 

I 

cn. 


co 

I 

cm. 


Oraaff and Lo Fevre’s scheme based upon bacterial fermentatiob ( Bact . coli, and Bact. 

* • 

typhus being employed) 

» t 

oH,oa > 

I 

CHOH 

I 

CHO 


CH, Ofl.OH + CP, 
Alcohol. 


OH, 

Oil, 

CH, 

1 . >0 

1 +H,Q 

1 +H, 

CH — > 

CO — > 

CO 1 ’CH, 

1 

1 

1 — ^ 1 1 •' 

CHO * , 

OHO 

OOOH CHO 

Hypothetical 
intermediate oxide, 

Hethylglyoxal 

1 

Pyruvic acid 

• 


Tbe amylene oxide structure given to glucose and fructosp by /Charlton, Haworth 
and Peat (/• Ctysm, Soc., 1920, 129 , 89) lends itself* also equally easily to convenient 
transformations by reductase according to the scheme mentioned above, 

20 
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the publication of a fundamentally similar theory in 
Febiuary 1926 ( Bloc hem. Zeit ., 155 , 313) by flraaff and 
Le Fevre, w^io likewise regard the existence of an inter- 
mediate oxide in dlcoholic fermentation as extremely 
probable. 

The behaviour* of the reductase in yeast, therefore, 
came to be critically examined with regard to its action 
on ‘various types of compounds, as it is necessary for the 
validity of the oxide theory, suggested by one of us, that 
the reductase should be a sort of general reducing agent, 
capable of bringing* about the reduction of ethers. When 
qne. notices that the double bond between carbon and 
oxygen in aldehydes, and ketones is *prone to reduction 
by yeast, though no ethylenic linkage is yet known to 
have undergone sipiilar change under like conditions, the* 
question • of configuration forces itself upon us. Sqme 
negative results obtained with chloral , acetophenone, 
CCl 3 CH(OH)CH 2 COC 6 H r) , in the course of this investiga- 
tion establish the influence of. configuration in such 
reductions, as chloral .and acetophenone are already known 
to be susceptible of reduction by ye?ist. Farther, the. 
experiment leads to the very important conclusion that 
the yeast organism 'is less powerful ad a dehydrating 
agent than the human organism which, .according to 
Tappeiner {Arch. exp. Path, and Pharm ., 1S94, 3'3, 3G4) 
causes it to Ipse its aldol phase, giving rise to trichlor- 
ethylideno acetophenone which is ineffective as a hypnotic. 
The behaviour of yeast 'towards hydracetylacetone, CH 3 * 
CH(OH.)CH 2 COCH 3 , and diacetone, . 

i 

i 

CH S 

>C(OH)-CH 2 ! CO'CH 8 . 

ch 8 

« * 

has, however, been found different;, both undergoing 
splitting up or partial dehydration passing into ethylidene 
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acetone and mesityl oxide respectively. This decided 
. stability of ’the aldol phase in chlo#alacetophenone and its 
homologues gave rise to the expectation that probably 
they would give iormamide derivatives (urethahes) of 
modified hypnotic property. But although intermediate 
fbrmamide derivatives have been isolated, as is described 
in the following pages, their constitution as simple ure- 
thane»derivatives has come to be regarded with doubt for 
the reasons below.. ' , 

Chloralacetophenone, when treated with an excess of 

chloroformamide, yields almost quantitatively a com- 

* * » 
pound of the same .composition as 

CH,COC a H, 

CG1 S CH< 

O-CO'NH, (I). 

On crystallisation from hot absolute alcohol, the malting 
point diminishes steadily until it reaches a minimum. 
This product of mininium melting point was found to 
contain no nitrogep and to be trichlorethylidene aceto- 
phenone, CCl ;t CH = CH CO C 0 H 5 , Obtained by Konfgs by- 
the action of cold concentrated sulphuric acid upon 
chloral’ acetophenone {Bcr., 1892/ 25, 797). The true 

urethanes are stable in alcoholic solution, and they react 

* 

wi‘th, excess of chloroformamide so as to give rise to allo- 
phanic esters, thus : — 

o 

1VOCOHH, +C1-0ONH, =EOCONH-CO'NH a +HC1 .• 

Thus, contrary to ^expectation, neither chloralaceto- 
phenone nor the supposed , urethane derivative (I) 
gave any allophanic ester even with considerable 
excess of chloroformamide ; nor did benzaldehyde 
react with the chloroformamide compound of 
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chloralacetophenone to yield benzylidene diurethanes 
of the type — 

* CC1„ 

1° 

NHCOOCH-CH, -CO*C a H s 

G,H # CH< {€/. Bisohoff, Bet N 1874, 

NH-CO O'CH-CH.-CO-C.H, 7, 628). 

CC1, 

indicating the probable absence of a free NH 8 group, 
^he conjecture, therefore, is that the supposed urethane 
(I) is a pseudo-urethane, having a metoxazine constitu- 
tion (II). 

\ 1 

CCl 3 ~CH 
0 

CO 

The action of chloroform? amide was tried farther on 
chloralacetone, chloralacetotoluone, chloral acetonaph- 
thone and chloral acetoveratrone, and in each case, corres- 
ponding pseudo-urethanes were obtained, which upon 
heating with alcohol, ,.gave trichloretllylidene derivatives, 
‘ identical with those obtained by the action of concentrat- 
ed sulphuric acid upon the chloral condensation products. 
These pseudo-hirethanes decompose on melting, forrhing 
trichlorethylidone compounds, with the evolution of 
ammonia and carbon, dioxide. 

r * 

The investigation was extended, as already mentioned, 
to other compounds having similar aldol phase, e.g.> to 
hydracetylacetone and diacetone. These substances do 
not yield • urethanes with chlorpformamide, but readily 
form the ethylidene compounds by loss of the aldol 
phase, chloroformamide serving as a dehydrating agent. 
Thus from hydracetylacetone and diacetone, ethylidene 
acetone and mesityl oxide respectively were obtained. 




PSEUDO-URETHANES 


409 


It appears, therefore, that the CC1 3 CH0 group iipparts 
a degree 'of stability to the aldol phase net met with in 
diacetone or. hydracetyl acetone, and in fac£ on attempt- 
ing to prepare benzaldehyde-acetophenone, C 6 H 5 CH(OH)* 
OH 2 *CO*C 6 H 5 , with glacial acetic acid as. the condens- 
ing agent, benzylidene acetophenone was obtained, 
although with chloral under similar conditions, products 
with»the aldol phase were uniformly isolated. 

Experimental. 

Chloralacetophenone and Ghloroformamidei • 

Chloralacetophenone, CCl 3 .CH{OH).Cff 2 CO.C 6 H 5 was 
prepared according to the method of Kohigs (loc. cit.) 
►by condensing chloral (freshly distilled) with, acetophe- 
none in the presence of glacial acetic acid. Nineteen g. 
of .the* crude condensation product were obtained from 

» I 

10 g. of acetophenone. . It* was best fmrified from hot 
petroleum ether, using animal charcoal as a decoloriser; 
m. p. 68-70°. When this was treated with the molecular 
quahtity of chloroformamide in dry ethereal solution, 
the product obtained was a mixture of the pseudo-ure* 
thane derivative and the unconverted chloral acetophe- 
none.* In order to effect a complete cdnversion, an 
excess of ehloroformaihide has to be employed, which is 
rot prejudicial to the purity of the condensatipn product, 
as no allophanic ester is formed (ho. cit.). On mixing . 
the ethereal solutions of chloroformamide and ohloral- 
acetophenoqe, no' change of temperature was noticed; 
the mixture was allowed to stand about 15 minutes at 

* j i 

room temperature, and then the ether was boiled off, the 
# excess of chloroformamide d ecom P ose d with ice-water, 
and the pseudo-urethane obtained as a solid, insoluble in 
water. It can be crystallised by dissolving in 'warm 
methyl or ethyl, alcbhol and diluting with water, when it 
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separates as small prisms, m. p. 155° with decomposition. 
(Found: N=*4'7; Cl=s=33*98. CuHio 0 8 NC1 3 requires 

N = 4*5; Cl=34'3 per cent.). 

The pseudo-urethane on being boiled with absolute 
alcohol for 2 hours,, separates on addition of water as 
very pale yellow crystals melting at 102° which was found 
to be identical with trichloretliylidene acetophenone, 
prepared by the dehydration of chloral acetophenone ; a. 
mixture of the two melted at 102°. (Found; Cl *=4266. 
C 10 H 7 OC1 3 requires Cl *= 42*7 per cent.). 

The pseudourethane derivative with benzaldehyde 
and a drop of concentrated hydrochloric acid did not 
yield the benzylidene diurethane, although under similar 
conditions the formamide derivatives of both unsym- 
metrical and symmetrical dichlomopropyl alcohol gave 
the corresponding diurethanes. 1 

Chloralacetotoluone. 

Chloralacetotoluone, CCl ;< CH(OH)CH». CO. C 6 H v CH 3 
was obtained from |?-tolyl methyl ketone (7 g.) by con- 

m V J 

densation with chloral (8 g.) in the presence of glacial 

T 

acetic "acid (8 g.), in the same manner as chloral aceto- 
phenone. The heating on the sand-bath was continued 
for 15 hours',, with a calcium chloride guard tube On the 
reflux condenser. The yield of crude chloral aceto- 
toluone was about 7 g. It was purified by crystallisation 
from hot petroleum ether; yield 4 g; m. p. 100°. (Found : 
Cl«37*4« CjiH u 0 2 C 13 requires S per cent:) 

The pseudo-urethane was prepared by. treating an 
ethereal solution of chloral acefotoluone with an excess 

* Benzylidene diurethane of unsymmctrical dichlorisopropyl alcohol m.p. f l35- • 
36°. (Found: N = 6-5; Cl = 32-71. CuH l8 0 4 N*Cl 4 requires N = 6-48 ; 01 = 3287 
per cent.) , * 

Benzylidene iiurethane of symmetrical di chloric propyl alcohol, m.p. 160-162°. 
(Found: N=6*7lj 01 = 32-83. C A 9 H A B 0 4 N*0l 4 requires N = 6-48; Cj = 32-87 per 
cent.)* 
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of an ethereal solution of chloroformamide as described 
before, imp. 160° with decomposition. (Fouqd: Cl==32*4; 
N«=4*4. C^H^OaNCls requires C1=32*S0»; N=4*3 per 
cent.). 

Upon boiling the pseudo-urethane with absolute 
alcohol for 3 hours under a reflux condenseV, a yellowish 
solid was obtained which on crystallisation *nelt.ed at 
88-90°. The trichlorethylidene acetotoluone prepared 
by the dehydrating action of sulphuric acid on chloral- 
acetotoluone melted also at 88-90° and so did a mixture 
of tjie two. (Found: Cl = 40 - 05. * C n H 0 OCl 3 requires 
Cl =40*4 per cent.). * * * 

Chloralacetonhphthone , CC1 3 *C H(OH).CH 2 .CO.C 10 H- 

w r as prepared .as before from a-acetonaphthone and 
chloral. The yield of a-acetonaphthone was very poor 
on following the method of Pampel and Schmidt {Ber,, 
1686., 29, 2898). It was therefore ultimately prepared 
by »thc* method of Claus and Feist (Bey\, 1886, 19 ^ 3180) 
with an yield of 45 percent, of the theory. The redistilled 
acetonaphthone (13*5 g.) was mixed with chloral (12 g.) 
and, glacial acetic acid (12 g.), and the mixture was 
heated under a :*eflux condenser on the sand-bath for 
18'houvs. The resulting dark oil was repeatedly washed 
with hot water to remove chloral $ind acetic, acid and the 
residue was dissolved ,in ether. The solution was dried 
by nqeans of ignited sodium sulphate and filtered. The 
(3Tth«r having been evaporated, the oily residue, was 
stirred with petroleum ether' and the petroleum ether 
extract decanted. . On continuing this operation several 
times, a brown solid weighing about 10 g. was left behind. 
Th'fe substance is very soluble in alcohol and was therefore ' 
purified by crystallisation from hot benzine, using animal 
charcoal as a * decoloriser. ’After twx> recrystallisations 
the product was sufficiently pure, m.p. 90-92°. (Found: 
Cl*= :3*08. C u H n 0 2 Cl 3 requires 01=33*54 per cent.) 



SEN AND BARAT 


as 

Upon treatment with chloroformamide as usual, it 
gives* a pseudo-urethane,, m. p. 125° with decomposition. 
(Found: N*=4*04; Cl — 29*73. C 15 H 12 0 3 NC1 3 requires 

N=3*88 ; Ci=29*54 per cent.). * 

On refluxing the compound with absolute aloohol for 
2 hours, thd triohlorethylidene acetonaphthone was 
obtained • as a yellowish substance, m. p. 105-106°. 
(Found: 01 = 35*17. C u H 9 OC1 3 requires 01=85*56 per 
cent.). 

Chloral acetone , CCl 3 CH(OH).C < U 3 .C<!).CH 3 was 
prepared according to the method of Konigs ( Ber ., J892, 
25, 79 4) but the yield was exceedingly poor. By substi- 
tuting l per cent, sodium carbonate sblution for sodium 
hydroxide, the yield was better, but was considerably 
lower than that olaimed by Konigs. From 3*2 g. of' 
acetone about 0*5 g. of the pure condensation product, 
m. p. 75-76°, was obtained. The pseudo-urethane prepared 
as usual melted , at 98° witfy decomposition. (Found : 
Cl=42*87. C 6 H 8 0 3 NC1 3 requires Cl=42*84 per cent.). 

The yield was so *noor that no further investigation 
could be carried out. . „ 

Chloralacetoveratrone , CCl 3 .CH(OH).CH 2 .CO.C 8 H 3 * 

(OCH 2 ) 2 . * An* attempt was made to prepare ‘veratrol 
from catechol according to Perkin and - Weizmann’s 
method (J. Chem. Soc., 1906, ,8.9, 1649) but without 
any success whatsoever. Accordingly it was prepared by ‘ 
the method of Marrasse ( Annalen , .1869, 152, 74) froln 
guaiacol. The yield was very satisfactory,’ about 85 g. 
of veratrol being obtained from 36*4 t g.®of guaiacol. The 
product boiled *at 205-206°. 

Aoetoveratrone was prepared according to* the method 
qf Pictet and Gams {Ber., 1919, 42, 2947). The yi$ld 
was good. The boiling point, however, was 172-174° under* 
15 mm. as <against 206° at 12 mm. given by the authors.* 

4 4 

r t 

* Th$ melting point , however, was 49-^0° as given tyy the authors, * 
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On oxidation of the aoetoveratrone by alkaline permanga- 
nate, verafcric acid (m. p. 180°) was obtained which, was 
compared with veratric acid from stock. 'The semicarba- 
zone melted* at 218-2(3° with decomposition. (Found : 
N 18*1. CnH^OsNjj requires N *= 17*7 jper cent.). 

' Redistilled acetoveratrone (6 g.) was 'treated with 
chloral (5*1 g.) and glacial acetic acid (5*1 g.) and heated 
for 7, hours. The pasty mass obtained after washing 
with hot water was purified by repeated washing qdttj 
petroleum ether ; yield 6 g. As the substance is very 
sparingly soluble in benzine, it was’ crystallised from 
dilute alcohol by cooling with ice. The pure pfofluCt 
was obtained after three crystallisations, using anin\al 
charcoal as decoloriser ; yield 8 g., m.p. 120-22°. (Found : 
(3,1=32*46. Ci 2 Hi 3 OC1 3 requires Cl ■=32*2 per cent.). 

•Considerable * difficulty was experienced in preparing 
the’ p^eifdo-urothane derivative of chloralacetoveratrone. 
Eveif witfh marked excess of chloroformamide the con- 
densation product was Impure, melting between 80° and 
100° and decomposing at # 105-108°. ‘Further investigation 
•is proceeding in this direction. 

Action of Chloroformamide on Hydracetyl' Acetone. 

* 

* » 

JJydracetyl acetone, obtained from acetaldehyde and . 
Acetone in the presence of dilute potassium carbonate 
acdorfling to the method of Claisen ( Ber ., 1892, 25, 3164), 
on being treated with chloroformamide in cold ethereal 
solution, ’evolved much hydrochloric acid and heat. The 
ether being •expelled, the residue consistipg apparently 
almost entirely of solid* ammonium chloride, was^ treated 
with ice water when^an oil was left. This was extracted 
With ether and the ethereal solution dried by ‘ignited* 
sodium sulphate ‘ and evaporated. The remaining oil 

boiled at 122°, the boiling point of ettiylidene acetone! 

<• 

21 
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Action of Chloroformamide on Diacetone. 

* 

Biacetone, prepared* by the condensation of acetone in 
the presencje of calcium hydroxide according, to the method 
of Hoffmann ( J . Amer. Chem. Soc ., 1909, 31, 728) and 
treated as above with chloroformamide, gave an oil, b.’ p. 
130°, which had the characteristic odour of mesityl oxide. 
A *?emicarbazone prepared in the usual way, melted at 
128°. Mesityl o$ide prepared by Freer and LachthanYi’s 
process (Amer. Chem. J., 1897, 19, 887) gave a semicar- 
bazide, m. p. 126-128°. A mixture of the two melted at 
^28°,, indicating that the two products were identical. 
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Preparation *of • Formaldehyde by .the 
Dehydrogenation of Methyl Alcohol : 

A Study of Various Catalysts. 

Part I. 

By 

Jnanendra Chandra Ghosh 

AND 

» 

Jagat Bandhu Baksi 

t 

•The technical processes for the preparation of for- 
maldehyde arti based on the fractional combustion of 
me.tlfyl alcohol, mostly with prepared copper as catalyst. 
The investigations of Sa*batier and Mailhe {Ann. Chim. 
Phys\, 1910, 344, 20), Oyloff, {J. Russ. Phys. Chem. Soc. t 
•1907,* 39, *855, 1023, 1414 ; 1908, 40, 7), Leblanc and 
Plasche* (Zeit. Eletttrochem., 1911, 17, 45) have proved 
that*the first stage of the reaction consists imthedehydio- 
genaticvn of fnethyl alcohol according to the equation, 

CH 3 OH=HCHO + H 3 . , 

“’Unfortunately, in the case of methyl alcohol, 
copper appears rapidly to lose its activity, either owing 
to the gradual reduction of unchanged cuprous oxide in 
solid, solution in the metal, which may be the real effec- 
tive catalytic • agent, or for* some other cause a*s yet un- 
known” (Rideal .and Taylor, “Catalysis in Thepry and* 
Practice,”, p. 128*). But if the hydrogen is removed by 
combustion with air the catalytic, activity oT copper is 
maintained steady. 
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In this investigation, our aim has been to obtain a 
catalyst whicji will have a high and steady dehydrogena- 
ting capacity*thus enabling formaldehyde to be prepared 
on a large scale by the dehydrog'enatfan of 'methyl alco- 
hol. The process has the advantage that hydrogen js 
obtained as a by-product, which ha9 a high calorific .valud 
of 68,000 cals, per gram molecule, whereas the process 
of dehydrogenation of methyl alcohol is an endothermic 
one requiring only 12,000 cals, per gram molecule 
(approximately). 


Experimental. 

The experimental arrangement will be clear from, 
Fig. 1. PUre methyl alcohol was boiled 'in a flask, with 
a side tube, by immersion in a thermostat. * In ofder to 
ensure steady and ponstant evaporation of alcohol, the ltfvel 
of alcohol in the flask was always* kept constant. The 
vapours passed into a long reaction tube.*placed inside an 
electric furnace, with the catalytic material at tfie middle 
of the tube. The quantity of methyl alcohol passing 
6ver into . the. reaction tube was found to be T6 c*.c., 
21 c.c., and 2§ c.c., per hour when the ‘temperature of the 
evaporating b&th was 68°, C8°'5 # and 69° respectively. 
The furnace was maintained at a constant temperature 
by regulating the resistance. To prevent methyl alcohol 
condensing inside the tube’, before entry into the furnace, 
the delivery tube was wound round with, a manganin wire 
and maintained at about 100° , by passing * an electric 
• current. The temperature wsw read off by* ‘means of a 
thermometer placed in contact with the catalytic mate- 
rial. Thb outflow gases wefe passed through two conden- 
sers as shown in. the diagram and finally collected in a 
HempeTgas burette for analysis. . 
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V 

Experimental Data with Copper Catalyst in Presence 

of various Promoters. 

• • 

Catalyst No. 1. 

. ’ A solution of Merck’s pure copper acetate was pre- 
cipitated with excess of Caustic soda (Kablbaum), the 
precipitate thoroughly washed with distilled water and 
then ’dried in an oven at 110.° Eighteen gm. of this 
material in the form of powder were packed bettfeeh 
asbestos fibres and reduced at 180° i« a slow current of 
pure hydrogen for 48 hours. The catalyst, was kept in f^n 
atmosphere of hydrogen in the intervals between two 
experiments. The data with this catalyst are recorded’in 

•Table I. 

* 

* Table I. 


'Voijime of catalyst space =th8 c.c. 

\ * 

Weight of catalyst *=1S gm. as oxide. 
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I ' After 5 hours’ \^ork the activity of the Catalyst No. 1" 
was found to diminish slowly hut regularly. It was felt 
that the catalyst being in the form cf powder was suscep- 
tible to “ channelling ” and the diminished activity might 
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be due to methyl alcohol vapour passing through some 
fixed pores whose walls might have lost their activity. 
Catalyst No. 2 was obtained in the form of pills in order 
that the effect of channelling, if any, might be eliminated. 

• Catalyst No. 2. 

Copper oxide (5*5 g.) obtained from pure copper ace- 
tate was made into a large number of small pills when 
still in the moist state by the clean hand with the appli- 
cation of minimum pressure and reduced as before.* 


Table II. 


Volume of catalyst space = 2*0 c.c. 
Weight of catalyst = 5*5 g. as oxide. 
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# A pellet making machine could not bo used, as the compressed pellets of 
CaO, after complete reduction, were found to have surprisingly small activity, and 
even then the activity diminished rapidly. It fs clear that catalysis being a surfuce 
reaction the essential condition for a good catalyst is a loose spongy structure 
which is not attained if pressure is used tin making pellets. It may bo mentioned 
here that if the oxide material when almost dry, is broken' tip into small bits and 
only those particlefr which passed through a lU-mesh sieve but not through a 20- 
mesh sieve, were used as catalyst After reduction, the results obtained are identical 
with catalyst made into small pills by hand. x 
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This catalyst appeared very promising as it retained 

its activity undiminished for 6 hours, aryl experiments 

were continued with a fresh sample of 'a larger quantity 

of this catalyst (N*o. 3)! 

» 

Catalyst No. 3. * 

9 

Copper oxide (1 5*5 g.) obtained as before from copper 
$cottfite in the form of pills was packed in the reaction 
tube inside, the. furnace and reduced for tw'enty,-fopr 
hoi\rs. Shrinkage w T as observed and the catalyst w f as re- 
packed and again reduced for 16 hours. 

’ Table III.* 

Volume of catalyst space = 6c*.c. * 

* Weight of catalyst = 15*5 g. of'oxide. 
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•• The activity 6f this oatalyst remained undiminished 
for 17 Ijours and thereafter it began to fall until at the 
22nd hour the activity became .about half*of the initial 
value. * The yield *of fofmaldehyde per c c. of catalyst 
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Space per hour can be easily calculated. Now methyl 
alcohol and formaldehyde decompose thus : 


ch s oh=h, + hcbo 

'1) 

HCHO=CO+H, 

(2) 

2FCHO — CO, +CH 4 

(3) 


The amount of formaldehyde left undecomposed there- 
fore is equivalent to (H 2 --2CO - 2CH 4 ). The data mark- 
ed with (*) in Table III therefore indicates that the yield 
of formaldehyde per hour per c.c. of catalyst 

' = 1040 x 9^ -2 x2^ 7-2x3-1 

= =846 c.c. gaseous formaldehyde. 

The yield is satisfactory but unfortunately the catalyst 
was not very long-lived. Again, the quantity of liquid 
collected in the condensers which was mostly methyl 
alcohol, remaining undecomposed after passing over the 
catalyst, was not negligible. For successful industrial 
application, experimental conditions should be so chosen 
that the quantity of undecomposed methyl alcohol should 
become negligible. This can be achieved by raising the 
temperature of the catalyst, which, however, unfortunate- 
ly has the effect of increasing considerably the decompo- 
sition of formaldehyde according to the equation HCHO*= 

CO + H*. 

•# 

It was hoped that with the aid of promoters impreg- 
nating the copper catalyst, the desired end may be 
aqhieved. Before attempting to stabilise and enhance 
the activity of this catalyst by promoters, an investiga- 
tion was made with various forms of copper catalyst in 
the pure state. 
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Catalyst No. 4. 

• * • • 

Copper oxide (28 • 5 g.) obtained in the form of pills 

from copper sulphate by precipitation, with caustic soda 

was taken. 


Tablb IV. 

% 

Volume of catalyst space = 10*6 c.c. 
Weight o? catalyst = 28*5 g. as oxide. 
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The initial activity of Catalyst No. 4 is £ of that of 

No: 8 and .even this small activity rapidly diminishes 

till at 4 the end of the 6th hour it has dropped to about 

l/S^h. The catalyst .was discarded as unsuitable for 

investigation. No trace of sulphur could be detected 

chemically in this-* catalyst and the method of preparation 

was exactly Ihe same as for Catalyst No. 8? It is strange 

that the catalytic activity »of Catalyst No. 4 should be so 

> entirely different fnom that of No. 3. In all future 

investigations, therefore, copfler • obtained from* copper 

acetate was used as the catalyst base to which various 

$1 * 

promoters were added. 

22 
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Catalyst No. 5. 

Copper acetate (/lO g.) and nickel acetate (0-3 g.) 
were dissolved together in a large quantity of water and 
precipitated with excess of Caustic soda under constant 
stirring. This oxide (13-6 g.) made into small pills by 
the clean hand and reduced for 48 hours formed Catalyst 
No. 5. 


Table V. 

Volume of catalyst space =6 9 c.e. 
Weight of catalyst «=13*6 g. as oxide. 


i 

Temp, of! 
furnace, j 

C.c. of 
methyl 
alcohol 

:• i 

j Time of ! 

i 

Space | 
velocity j 

Analysis 

of jgns. 


U n decompos- 
ed methyl 

1 collection i 





alt ol >1 col- 

1 

introduced 

(after start, j 

% 

% 

/o 

A» 

* lecthd per 

) 

per hoar. 

( ; 

j 

CO, 

$ 

CO , 

cni* 


hom , 

195° j 

28 

i 

| 4* hours 

i 

1218 

28 

10 5 

i 2K 

: 

8t*0 

s 

i 

l 

)» 

* 

TO hoars. 

j 

ilia 

3-0 

9-2 

! l 2'8 

j 

84*T) 

-8'5 

! 

n 

i 

7» 

f 

TO hr s. 
j mins. 

800 

2 9 

4 

of) 

1 31 

j 

84*2 

i " ir > 

f A 


The Catalyst No. o (100 g. copper acetate : .0 5 g. 
nickel acetate) at first proved successful, for the s^ace 
velocity was 1218, and the undecomposed methyl alcohol 
per hour about 4 c.c. as against space velocity, 1170 and 
liquid collection of 6 c.c. per hour in the case of Catalyst 
No. 3, which did not contain any promoter. But this 
activity is short-lived, falling to § of its. initial value. in 
J 1 hours. The quality of this catalyst did not improve 
by increasing the nickel content (100 g. copper acetate: 
1 g. nickel acetate),' as the percentage of CO in the 
issuing gases rose from 10*8 to 13*6 indicating a larger 
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percentage decomposition of formaldehyde. The space 
velocity d,id not increase nor was the activity oT the 
catalyst of longer duration. 


Catalyst No. 6. 

For this set of catalysts silver was used as promoter, but 
Hie Results were disappointing. This is rather surprising 
as the investigations of Bouliard (F. P. 412501/1910), 
Blank ( J . Soc. Gliem. hid., 1911, 30, 49) and Hochstetter 
(B. P 40 1/1914) have shown that silver is the best catalyst 
for the manufacture of formaldehyde by the fractional 
combustion of methyl alcohol. It appears that silver is 
. effective as a ‘dehydrogenating catalyst only when its 
■Surface is maintained in an active state by the combustion 
of hydrogen with oxygen of air to form steam. Silver 
acetate^ (0*07 g.) and copper acetate (70 g.) \yere dissolved 
together and the oxide # wa£ preeipitatedNvith caustic soda, 
sieved when almost dry between 10 and 20 meshes and 
reduced Sor 48 hours. • 


Table VI. 

Catalyst No. 0 fa). (CuAc : AgAo* :: 100: OT). 

* 

Volume of catalyst space = 82 c.c.* 

Weight of catalyst *=1Q g. as oxide. 


Temp, of 

C.c. 

methyl 

<• 

Time nf 

*Spnce 

velcvity. 

• 

! 

* ! 

Analysis of pjis. 


j 

Unfiecom pos- 
ed methyl 

fiirntfce. 

fileotvnl 

collection 


i 


alcohol col- 

» 

/ 

introduced 
per hour, j 

after ftfart 

• * i 

■ * 

Of' 

Jo 

oo e 

» 

o/ ; as 

/o To 

co icn 4 

i 

% 

«. ! 
1 

lected per 
hour. 

• 

# — — — - 

190° 

#♦ 28 

* 1 hour. 

i * 

600 j 

* 

4*4 

3 0 } 2-6 

900 

1 9 

M 

» »» 

9 hours. 

* i 

454 | 

• 

47 

* 4 5 3 0 

! 87 6 

i 

* 7 
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Catalyst No. 0 (b). (CuAc: AgAc :: 100: 0 5). 
Volume of catalyst space *»7‘4 c.c. 

Weight of cafaly8t=15’8 g. as oxide. 


Temp, of 
furnace. 

i * 

C.c. of 
methyl 
alcohol 
introduced 
per hour. 

Time of 

Space 
vc loci ty. 

Analysis of gas. 

Undecompos- 
ed methyl 

collection 
if ter start. 

% 

CO, 

% 

CO 

.% 

CH, 

i 

.% ; 

| H,< 

1 

alcohol col- 
lected per 
hour. 

195° 

t 

28 

I hour, i 

773 

2 9 

; 9-6 

27 

848 

46 

*» 

’’ i 

7 hours. 

584 

3*2 

J 12 0 

.-36 

806 

i 

; 166 

1 


Catalyst No. 6 (c). (CuAc : AgAc : : 100.: 5). 
Volume of catalyst space =7 c.c. 5 

Weight of catalyst =16*3 g. as oxide. 


* 

1 

Temp, ol 
furnace. 

■ 

•i 

C.c. of * 
methyl 
alcohol 
introduced* 
per hour 

J 

1 j 

Time of 
collection 
after start. 

Space 

velocity. 

Analysis of gas. 

Undecocnpos- 
ed methyl j 
alcohol col- 
lected per 
horii*. 

% 

CO,. 

% % 

CO CH, 

r 

% 

H, 

195° 

2S 

1 hour. 

276 

17 

122 2 '6 
w 

832 



It*” will be observed that the efficiency of the Catalyst 
No. 6 (a) is about half of that of pure copper catalyst. 
The stability is also less. With increasing quantity pf 
silver as promotes, the ca'calyst became worse for our ' 
purpose in that .the percentage of CO in the outflow gases 
correspondingly increased. 
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Catalyst No. 7. 

1 » 

In this se,t of catalysts, thorium* oxide ^ r as used as 
promoter. Catalyst No. 7 (a) consisted of the reduced 
material from 16 g. of the oxide sieved be, tween 10 and 
20 mtfshes, obtained from a mixture of copper acetate 
and thorium nitrate in the ratio of 100 to 1. Catalyst ,No. 
7*' (b‘) being the same as above but the ratio of copper 
acetate to thorium nitrate was as 100 : 0'2. Catalyst* N». 
7 (c) consisted of the reduced material obtained from 
32 g. of oxide, the ratio of copper acetate to thorium 
nitrate being 100; 0 1. 


Table VII. 


' Catalyst No. 7 (a). 
Volume of catalyst space =1 C7 c. c. 
Weight qf catalyst =16 g. as oxide. 


JL 


» 

■C. e.of ’ 
methyl 

Time of 

Space 

! 

i 

! 

Analysis of £i\s. 

Temp, of 

alcohdl 

collection 

volo- 

i ~ 

* i 


furnace. 

introduced 

after 

l city. 

i % i 

| % 

%' ■ % 

• 

per hour. 

start. 

. * 

; ! 



JL 




CO. 

CO ; 

! 

on* IK 

» 


: Undecom-* 
posed 
( methyl 
' alcohol col- 
| lected per 
; hour. 


195*. 

21 

10 luPs. 

1 1G9 

1*9 

t 

vs** ; 

3*4 

* 

79*2 

2*5 

180° * 

• »» 

37 

904. 

31 

17*5 

3-8 

! 

75-3 

j » ; 

3 

»» 

” i 

\ 

54* 

985 

32 

12*2 

i 

3*5 

• 

80*5 | 

# 2 


Catalyst No, 7 (b). 

* * . 

Volume, of catalyst spacer 10 c .c. 

* * 

.Weight of catalyst =16 g. as oxide. 
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i 

0. c. of 
methyj 
alcohol in- 
troduced 
jper hpur. 

Time of 


Analysis of gas. 

/ 

Undecom- 

posed 

Temp of 
furnace. 

4 collect! on 
after 
starf. 

Space 

velo- 

city. 

% 

CO,' 

% 

<r< 

CO 

% 

CH, 

% 

H. 

methyl 
alcohol col- 
lected per 
hour. 

195° 

21 * 

1 * 

j 8 hrs. 

' 1584 

2-4 

6-4 

2-4 

89-0 

« 

5 

f 


* it 

| 17 

1560 

2 1 

3-6 

i 

3-3 

91 0 

4 

205° 

i * 

35 1 

! I 

1584 

; 1-8 

0-0 i 

4*0 

87*8 | 

3 

* r 

215° 

€ « 

16 

! * 50 

; 

1536 

2-0 

132 

CO 

* 

78*5 ; 

* 

1 


Catalyst No. 7(c). 

« 

Volume of catalyst space=18 6 c.c. 

i * 

Weight of .catalyst = 16 g. as oxide. 


Temp, of* 
furnace. 

| C. c, of 
j methyl 

j alcohol in- 
| trod need 

J per hour. 

1 , 

i 

j Time of 
: collection 
after 
start. 

f » 

Space 

velo- 

city. 

. 

Analysis of gns. ; l Uml«com* 

i _ pMsed 

* 1 i : 1 moth* 1 , 1 

%* | % : % i % ftlcoliol'col. 

j j ,, i looted per 

i CO* 1 CO j , C H 4 ; H, hoar. 

; » 1 i 1 j 

195° 

28 

26 hrs., 

i 

907 

2-0 | 6-A 

* 

3*1 

i 

89 0 ' 8 

1 *' 

* 205° 

i 

»» 

i 

32 

1224, 

2*4 i 4*8 

2 -VS 

1 

90-0 J *V 

i* 

21 

« 

35 

t j 

900 

2-4 1 4’5 

1 

2*5 

. 90’0 ! 1-2 

J 


A feW*of the typical data with thoria as promoter 
are given in. Table Vll. The following conclusions are at 
once reached : (1) The catalysts retailed their ’ activity 
unim'paired fcv an almost indefinite time. " (2) When 
. approximately the same amqunt of catalyst-material is 
used, the activity of Catalyst !No.‘ 7 fa) (\% thorium 
nitrate)* is about the same as that of pure* copper catalyst 
but that of„ No # . 7(b) ( 0‘2% thorium -nitrate) is '1*5 times 
greater. (3) With inertsasing qufintity of thorium* nitrate, 
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decomposition of formaldehyde into CO and H 2 increases 
consideral)ly and the suitability of the catalyst for the 
large scale production pf formaldehyde correspondingly 
diminishes. (4) With increase in temperature, the 
quantity of undecomposed methyl alcohol diminishes but 
the percentage decomposition of formaldehyde into CO 
and H 2 increases. (5) Catalyst No. 7(c) {Q'\% thorium 
nitrate) was obtained from 32 g. of the, oxide material as 
against 10 g\ in >No. 7(b) and gave 18 litres of outflow 
gases per hour as against 15 litres froqri Catalyst No. 7(b). 
The 6pace velocity was of course less but the totaj yield 
was greater. The quantity of undecomposed methyl 
alcohol was only 12 c.c. per hour when the furn’ace 
temperature w r as 205 and evaporating temperature 68° 5. 
The calculated yield of formaldehyde per hour was 

_ 18,000 X [90 - 2(4-5 + 2-8)] 

100 ' 

* 

\ 

1 » » 

=13,000 c.c. or ’approximately 15 g., the quantity of 

methyl alcohol introduced being 21x08 = 10-8 gm. 

It thus appears that the problem of a suitable Catalyst, 
for the continued dehydrogenation of methyl alcohol to 
yield formaldehyde is solved by using thoria' as promoter 
to the extent 0*1 g. thorium nitrate in 100 g. of copper 
acetate. 


t Catalyst No. 8. 

The success of thoria as promoter naturally t suggested 
the use of ce’ria, arn^the results obtained were even more 
/satisfactory. Cerous nitrate • (CV7 g., . Kahlbaum) and 
copper Acetate ’(70 g.) were precipitated together with 
pure caustic soda and the t catalyst prepared in the* usual 
w'ay. This constituted ‘Catalyst No. 8(a). la Catalyst 
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No. §(b) the ratio of copper acetate to cerous nitrate was 
as 300 : 0*2 and in catalyst No. 8(o) the ratio 'was 100 
01. The experimental data are sjiven^in Table VIII. 

Table VIII. 

Catalyst No. 8(a). 

Volume of catalyst space =11 *3 c.c. 

Weight of catalyst=l6 g. as oxide. * 


1 

, 0. c. of 

methyl 
olcohol in- 
troduced 
per hour;. 

* 

Time of 
collection 


i 

j Analysis of gas. 

i 

Undecom- 

posod 

Temp, of 
furrtace. 

after , 
start (in j 
hours), 

i 

r 

Space 

velo- 

city. 

..J 

% 

CO, 

% ' 
CO 

% 

cn 4 

% 

H, 

methyl 
alcohol col- 
lected -Cper 
hour. 

* 

195° 

t 

21 

7 

1816 

1-9 

21 7 

3*7 

72-5 

1 

3 , 

190° 

16 

17 

1594 

2-7 

j 

10- 1 

t 

3 6 

77-6 

' 27* 

* •* * 

180° - 

• 

»» 

• 25 

1275 

. 18 

j 12-5 

i 

4.7 

; 80*8 

■ 

^ 2 5 

* 

>> 

u 

1 

36 

1275 

l 

1 1 • 8 

| 

| 11-8 

50 

t 

81 *3 

2*5 


Catalyst No. 8(b). 

Volume of catalyst space =9*6 c.c. 
Weight of catalysts 16 g». as oxide. 


Temp, of 

furnace. 

« 

C. c. of 
methyl 
alqphol in- 
troduced 
per hour. 

♦ 

Time c*f 
col led ion 
after 
start. 

: 

« 

Space 

velo- 

city. 

Analysis of pas. 

w 

•> 

IJ mV’C*om- 
♦posed 
methyl 
alcohol col- 
lected per 
hour. 

. . . . * _ 

% 

CO, 

% » 

« 

CO 

• 

% 

ch 4 

% ' 
“it. 

- 

— .. — 4 — 



* 

i 


* 


106° 

21 

15 hra 

1560 

2 b 

! 

4-7 ' 

1 

88*9 

3-6 

i 

!» 

* 16 

. 24 

13-75 * 

2*0 

| 3-8 

i 

•4*6 

89*5 

2 

» 

D 

45 

t 

1300 

2*8 

|.*» 

' 1*6 

88-4' 

16 

200 

« 

i 66 * 

1375 

2*0 

| 6 ^j 

31 

88-9. 

1*5 
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Catalyst No, 8(c). 

Volume of catalyst space = 8/8 c.c. 
Weight of catalyst = 16 g. as oxide. 



[ 

C. c. of 



[ Analysis of ^as. 

. 

Un decora- 

Temp. pf 

methyl 

rime of 



ptyfoed 

alcohol in- 

collection 

•Space 

■ j 


m ethyl 
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trod need 
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velo. 

o/ o/ ; Cl, ; 

, o /o • 1 /<) 

o/ 

; O 

alcohol col- 


per hour. 

t start. 

city. 

\ 


lect pd pvr 





co. co cn. 1 

H, 

hour. 

. 




l 


j 

nr, * 

Id 

12 hr*. 

If >27 

* ' "" " 

2-7 f* i :rr! 

7 ! 

#7 ■ o | 

! 

2 

; 





I 

1 * ft 

- 


* 25 

If 527 

2 -2 2 • f > 2 7 

» 

90 -0 j 

2 r, 

2< ^ > 


22 

1 77 t 

2-2 1 o 2 - S 

SS • f, ; 

» 

2 


• 



y 





:o; 

1771 

2-2 .VO k J s 

S9-0 1 

1-5 


ft 


i » 

will be noticed that for all these catalysts the space 
velocity increased with increase in furnace temperature ; in 
the case of Catalyst No. 8 (a), an increase in temperature 
from ISO; to 19.?' inc leased the subsidiary decomposition 
of formaldehyde considerably, the CO percentage in the 
out flovt gases rising from 12 to 22 per cent, approximate-, 
lv. For catalyst, with lower ceria content, this subsidiary 
decomposition is much smaller and' is not vt*ry sensitive 
.to small changes in temperature. It will also be observed 
tl\at under similar experimental conditions, the efficiency 
of the Catalyst No. S (V) is at le 4 ast 2."> per cent, greater 
than the,t of Catalyst No. 8 (b) with double ceri.-^ content. 
The rate of , formation of formaldehyde per hour by 
Catalyst No. 8 (e) at 200°, when the evaporating bath for 
methyl alcoh’ol is at 68 , .is* 


S Sx.1774 (89-16)- 
t(Hl 


or 11,000 c.c. approxly. 
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or 12*5 gm., the quantity of methyl alcohol introduced 
being 12*8 gra. The conversion is therefore almost 
quantitative. Tbic catalyst is more efficient than Catalyst 
No. 7 (c) (.with 01 per cent, thorium nitrate) as with half 
the catalyst material almost similar quantity of formalde- 
hyde is produced. 

Our best, thanks are due to Mr. B. S. Srikantam, M.Sc., 

who carried out some preliminary experiments on this 
subject. 
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